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Conclusion 

This initial experience in lupus patients with mild to moderate 
symptoms demonstrated that 4 doses of 360 mg/m^ epratuzu* 
mab immunotherapy are safe and well tolerated when infused 
within one hour, with consistent improvement observed in all 
patients for at least 1 2 weeks in the presence of modestly 
decreased (about 35%) peripheral B cell levels, and with no 
evidence of HAHA. Although this was an open-label study, 
consistent improvement was observed in all patients for at 
least 1 2 weeks, and there was reduction or elimination of dis* 
ease activity across most body systems, regardless of the 
extent or the severity of the presenting disease activity. The 
duration of response was very heterogeneous for different 
BILAG domains, precluding firm conclusions at this time. As 
such, these results support conducting longer-term multi* 
center randomized controlled studies, which are now under- 
way to examine the effects of epratuzumab in broader patient 
populations with autoimmune disease. 
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Abstract 



This open-label, phase 1/U study investigated the safety and 
efficacy of epratuzumab, a humanised anti-CD22 monoclonal 
antibody, in the treatment of patients with active primary 
Sjogren's syndrome (pSS). Sixteen Caucasian patients (14 
females/2 males, 33-72 years) were to receive 4 infusions of 
360 mg/m^ epratuzumab once every 2 v^eeks, with 6 months of 
follow-up. A composite endpoint involving the Schirmer-I test, 
unstimulated whole salivary flow, fatigue, erythrocyte 
sedimentation rate (ESR), and immunoglobulin G (IgG) was 
devised to provide a clinically meaningful assessment of 
response, defined as a ^20% improvement in at least two of the 
aforementioned parameters, with ^20% reduction in ESR and/ 
or IgG considered as a single combined criterion. Fourteen 
patients received all infusions without significant reactions, 1 
patient received 3, and another was discontinued due to a mild 
acute reaction after receiving a partial infusion. Three patients 
showed moderately elevated levels of Human anti -human 



(epratuzumab) antibody not associated with clinical 
manifestations. B-cell levels had mean reductions of 54% and 
39% at 6 and 18 weeks, respectively, but T-cell levels, 
immunoglobulins, and routine safety laboratory tests did not 
change significantly, Rfty-three percent achieved a clinical 
response (at >20% improvement level) at 6 weeks, with 53%, 
47%, and 67% responding at 10, 18, and 32 weeks, 
respectively. Approximately 40%-50% responded at the >30% 
level, while 1 0%-45% responded at the >50% level for 1 0-32 
weeks. Additionally, statistically significant improvements were 
observed in fatigue, and patient and physician global 
assessments. Further, we determined that pSS patients have a 
CD22 over-expression in their peripheral B cells, which was 
downregulated by epratuzumab for at least 1 2 weeks after the 
therapy. Thus, epratuzumab appears to be a promising therapy 
in active pSS, suggesting that further studies be conducted. 



Introduction 

Primary Sj5gren's syndrome (pSS) is a systemic autoimmune 
disease with a population prevalence of approximately 0.5% 
[1]. The lymphoid infiltrates within the inflamed tissues contain 
ectopic germinal center-like structures in 20% of patients [2]. 
These structures consist of T* and B-cell aggregates contain* 
ing proliferating lymphocytes, follicular, dendritic^ and act!* 
vated endothelial cells [3]. B-cell homeostasis is disturbed in 



pSS, with diminished frequencies and absolute numbers of 
peripheral CD 27+ memory B cells. However, the infiltrating B 
cells are mainly CD27+ memory B cells and CD27^^ plasma 
cells [4-6]. This altered B-cell subtype recirculation from 
inflamed tissue was confirmed recently by Hansen et ai [7]. 
Thus, although pSS is considered to be a T-cell-mediated dis- 
ease, high levels of B-cell autoreactivity have been associated 
with high disease activity, the development of systemic com- 



ACR — American College of Rheumatology; AE — adverse event; ANA = antinuclear antibody; APC = aJJophycocyanin; AT — artificiaJ tear; BCR = B- 
cell antigen receptor; CRP ^C-reactive protein; CTC = [National Cancer Institute] Common Toxk;ity Criteria; EUSA= enzyme-linked immunosorberrt 
assay; ESR = erythrocyte sedimentation rate; H ACA = human anti-chimeric antibody; HAHA = human anti-human (epratuzumab) antibody; Ig = immu- 
noglobulin; NHL = non-Hodgkin^s lymphoma; PE = phycoerythrin; pSS = primary Sj&gren^s syndrome; RF = rheumatoid factor; SD = standard devi- 
ation; SLE = systemic lupus erythematosus; USF = unstimulated whole saiivary flow; VAS = visual analogue scale. 
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plicationSf and an increased risk of development of B-cell lym- 
phoma [8]. 

This has led to anti-B-cell monoclonal antibody immuno- 
therapy emerging as a promising new treatment modality in 
pSS and autoimmune disorders [9}. The use of rituximab, a 
chimeric anti-CD 20 antibody, has been reported in small stud- 
ies and case reports of SS patients with or without associated 
lymphoma [10-13]. Howeverf serum sickness-like diseases 
seem to occur in approximately 20% of patients treated with 
this chimeric antibody [1 1] and may be of major clinical con- 
cem in subjects with a hyperactive immune system. 

CD22 is a 1 35-kDa B-lymphocyte restricted type-l transmem- 
brane sialoglycoprotein of the immunoglobulin (Ig) super- 
family^ with seven Ig-like domains and three cytoplasmic ITIMs 
(immunoreceptortyrosine-based inhibitory motifs) [14], CD22 
appears intracellulariy during the late pro-B-cell stage of 
ontogeny, shifting to the plasma membrane with B-cell matu- 
ration. CD22 is expressed at low levels on immature B cells, 
expressed at higher levels on mature IgM^, IgD"^ B cells, and 
absent on differentiated plasma cells. It is strongly expressed 
in follicular, mantle, and marginal-zone B cells but is weakly 
present in germinal B cells (reviewed in [15]). The function of 
CD22 has not been entirely clarified; it acts as a homing 
receptor for recirculating B cells through the affinity of the lec- 
tin-like domains for 2,6-linked sialic acid-bearing glycans and 
as a B*cell antigen receptor (BCR) down-modulating corecep- 
tor [16,1 7]. Because dysregulated expression of CD22 could 
lead to excessive activation of B cells and autoantibody pro- 
duction [17], targeting this coreceptor in systemic autoimmu- 
nity appears to be a potentially new therapeutic pathway. 
Indeed, antagonistic antibodies to CD22 could provoke down- 
regulation of the BCR (by SHP-1 [Src homology phosphatase- 
1] recruitment) and inhibiting T- and B-cell crosstalk by down- 
regulation of the CD40 pathway [1 5 J 8 J 9]. 

Epratuzumab (hLL2), a humanised IgGI monoclonal antibody 
directed against the CD22 antigen, binds the third cytoplas- 
mic Ig domain of CD 22 [20]. Its known mechanism of action 
is believed to be the down regulation of the BCR, with mecha- 
nisms of action differing from rituximab (by CD22 phosphoryla- 
tion and BCR effects via immobilised Ig crosslinking) [18,21]. 
Also, epratuzumab depletes circulating B cells when given to 
patients with non-Hodgkin's lymphoma (NHL) [22] or systemic 
lupus erythematosus (SLE) [23], but markedly less than rituxi- 
mab [24], and has been therapeutically active in both dis- 
eases. 

Based on these considerations, this phase l/ll study was 
undertaken to investigate the safety and potential local and 
systemic effects of epratuzumab in patients with active pSS. 
The effect of this treatment on the peripheral B and T cells in 
this patient population was also assessed. 



Materials and methods 
Study design 

This phase l-ll, open-label, 18-week study was conducted at 
two centres. The protocol was approved by the local ethics 
committees, and all patients enrolled were required to provide 
signed informed consent. The study included four infusions of 
epratuzumab (360 mg/m^) at 0, 2, 4, and 6 weeks and three 
follow-up evaluations at 6, 10, and 18 weeks (that is, 1 day, 4 
weeks, and 1 2 weeks after the fourth infusion). Additionally, a 
final long-term evaluation was scheduled at 32 weeks (6 
months post-treatment). 

Patient population 

Males or non-pregnant, non-lactating females, at least 18 
years of age, were eligible to participate provided that they ful- 
filled the American/European consensus group classification 
criteria for pSS [25], For females of childbearing potential, a 
negative pregnancy test result and adequate contraception 
during the study and for 6 months after the last infusion were 
required. Additionally, all patients had to demonstrate active 
pSS prior to study entry. Because there are no validated dis- 
ease activity criteria for pSS, this was defined as increased B- 
cell activity, IgG greater than 1.4 g/l or erythrocyte sedimenta- 
tion rate (ESR) greater than 25 mm/hour, in combination with 
the presence of autoantibodies, in addition, the patients must 
have been on symptomatic treatment for at least 6 months 
prior to screening. Disease-modifying drugs, such as hydroxy- 
chloroquine, methotrexate, cyclosporin, sulfasalazine, or corti- 
costeroids, were not allowed during the study and were 
discontinued at least 4 weeks before study entry. No prior 
treatment with rituximab or other anti-B-cell antibodies was 
allowed. The exclusion criteria included serious infections in 
the previous 3 months, documented HIV or hepatitis- B or -C 
infection, known malignancy, severe or uncontrolled concur- 
rent disease, and the presence of any other autoimmune/con- 
nective tissue disease. 

Study drug administration 

Epratuzumab at the dose of 360 mg/m^ in 250 ml 0.9<M) sterile 
NaCl was prepared by the hospital pharmacy (Erasme Univer- 
sity Hospital and Charite Humboldt University Hospital). The 
total dose was to be given throughout a 40-minute period. To 
minimise hypersensitivity, patients were premedicated with 
acetaminophen (0.5-1 g) and antihistamine (25-50 mg peros 
or intravenous polaramin). Four intravenous infusions of 
epratuzumab were given at 0, 2, 4, and 6 weeks. 

Concomitant medications 

Patients were allowed to continue artificial tears (ATs) and arti- 
ficial saliva substitutes or nonsteroidal anti-inflammatory drugs 
provided that the dosage and schedule regimens were stable 
for at least 4 weeks and were monitored during the study. 
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Clinical assessment 

Qinicalf ophthalmological, and biological evaluations were 
performed at study entry and at 6, 1 0, and 1 8 weeks (that is, 
1 day, 4 weeks, and 1 2 weeks post-treatment). A final evalua- 
tion at 32 weeks was also scheduled for patients who were 
still in long-term follow-up. Clinical assessment (performed by 
the same physician) consisted of a general physical examina- 
tion; a dry mouth evaluation (0-2 scale: 0 = none, 1 » mild to 
moderate, and 2 = severe) involving the collection of unstimu- 
lated whole saliva throughout a 1 5-minute interval by using the 
spitting technique according to established methods [26] 
(note: saliva samples were weighed on an analytical balance 
to determine the volume of saliva obtained, using the conver* 
sion formula 1 g = 1 ml); a dry eye evaluation (0-2 scale: 0 = 
no symptoms, 1 = mild to moderate symptoms relieved by 
ATs, and 2 = severe symptoms unrelieved by AT); the 
Schirmer-I test; evaluation of fatigue by a 0-100 mm visual 
analogue scale(VAS) and a questionnaire (0 = no fatigue, 1 = 
mild fatigue not interfering with daily activities, 2 = moderate 
fatigue that interferes with daily activities, and 3 = fatigue with 
severely reduced activities); the tender/swollen joint count 
(maximum 36); and the tender point count (maximum 1 8). The 
patient's pain assessment and the patient's and physician's 
global assessments were evaluated by a 0^1 00 mm VAS. The 
following biological parameters were measured throughout 
the study: ESR, C*reactive protein (CRP), complete blood 
count, renal and liver function tests, creatine phosphokinase, 
serum Igs (A, M, and G), antinuclear antibodies (ANAs), rheu* 
matoid factor (RF?, and peripheral blood B- and T*cell counts. 

For purposes of efficacy evaluation, we focused on the main 
parameters that consisted of the the following parameters: 
Schirmer-I test, unstimulated whole salivary flow (USR, fatigue 
VAS, and the laboratory parameters (ESR and IgG). To assess 
the overall efficacy of epratuzumab in the treatment of pSS, a 
composite endpoint involving all five parameters was devised 
to provide a clinically meaningful definition of response. Spe* 
cifically, a patient was deemed to be a responder if he/she 
experienced improvement of 20% or more in at least two of the 
aforementioned parameters, with reduction of at least 20% in 
ESR and/or IgG contributing jointly as a single combined cri* 
terion. Additional assessments of the efficacy data were also 
performed using improvements of at least 30% and at least 
50% in the efficacy parameters. 

Determination of B-cell populations by flow cytometry 

Monoclonal antibodies used in this study were CD 19 allophy- 
cocyanin (APC) (clone SJ25C1) and CD22 phycoerythrin 
(PE) (clone S-HCL-1). The median channel of fluorescence on 
the 256-channel linear scale was employed to define numeri* 
cally the fluorescence distribution of CD22 in a semi*quantita* 
tive approach. We routinely used a four-color FACScalibur 
with automatic loader, driven by Cell quest software that was 
set up using the three-color FACScomp software and Cal- 
ibrite microbeads (Becton, Dickinson and Company, San 



Jose, CA, USA). The stability of the fluorescence intensity sig- 
nal over a long period of time was assessed using Quantum 
1 000 microbeads (weekly) and daily with the Rainbow calibra- 
tion beads from Spherotec (Libertyville, IL, USA) without 
changing the PMT (photomultiplier tube) voltage and compen- 
sations. At the beginning of each new lot of beads, we deter- 
mined an acceptable range by running aliquots of all beads 1 0 
times and calculating the mean ± standard deviation (SD) and 
the CV (coefficient of variation) for that lot of beads. For each 
lot, we determined a mean target channel value for monitoring 
of flow cytometer performance. Between lots, flow cytometer 
settings were adjusted to restart the monitoring with the same 
target channel value as before. In a previous study with 35 
hematological patients sampled more than three times during 
their clinical course (with a mean inter-visit interval of 1 23 days 
and range of 1 3-638 days) and a mean duration of the survey 
of 492 days (range 13-1,022 days), we observed an inter- 
contact variation of only 6.2% for CD5 (which has a sharp dis- 
tribution in CLL (chronic lymphocytic leukemia]) and 6.1% for 
CD20. Considering the low scattering of CD 2 2 expression on 
normal B-lymphocytes, we determined a range of normal val- 
ues and the median CD22 fluorescence on 33 blood samples 
from normal healthy volunteers. Because the distribution of the 
median intensity is normal, we determined ± 2 SD of the dis- 
tribution to define the normal median fluorescence values from 
a normal range between channels 1 59 and 1 78. 

Tri*color immunophenotyping of B-lymphocytes was per- 
formed with predetermined combinations of murine mono- 
clonal or rabbit polyclonal (for the Ig light chain staining) 
antibodies directly conjugated with fluorescein isothiocyanate, 
PE, and CD19 APC as a marker for B-lymphocytes. A lysed 
and washed whole-blood technique was used. In this proce- 
dure, 50 ^1 blood samples were incubated with the Mab com- 
bination at room temperature for 15 minutes. The red blood 
cells were then lysed using 500 ^1 ammonium chloride lysing 
solution. Cells gated in the mononuclear area in a forward-ver- 
sus side-scatter dot-plot and also those present in a region 
around the CD19-positive side-scatter low events were con- 
sidered to be B cells. 

Safely assessments 

During the infusion and for 1 hour afterward, the patients were 
monitored for adverse reactions and vital signs (blood pres- 
sure, pulse, and temperature) every 30 minutes. At each visit, 
patients were asked about any adverse events (AEs) that they 
experienced. Analysis of pharmacokinetics consisted of 
epratuzumab levels measured at 30 minutes prior to and after 
each infusion and at 6, 8, 9, 10, 14, and 18 weeks. Human 
anti-human (epratuzumab) antibodies (HAH As) were 
assessed at study entry and at 6, 10, and 18 weeks. 

Determination of antl-Ro and anti-La autoantibodies 

An indirect immunofluorescence procedure using HEp-2000 
cells was employed to detect the presence and titer of ANA 
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Table 1 


Patient demographics and baseline disease characteristics 


Parameters 


n-15 


Gender (female/male) 


13/2 


Age (years) 


49 (33-73) 


Median years post-diagnosis 


2.9 (1-16) 


Ocular symptoms 


15(100%) 


Schirmer-I test (mm) 


12± 12 


Oral symptoms 


15(100%) 


Unstimulated salivary flow (ml/minute) 


0.07 ±0.13 


Moderate-tO'severe fatigue 


13(67%) 


Fatigue VAS (mm) 


56 ±22 


Focus score ^ 1 


12(80%) 


AnteRo antibodies 


12(80%) 


Antt-La antibodies 


1 1 (73%) 


ESR (mm/hour) 


33± 15 


IgG (mg/dl) 


2»114±934 



ESRt erythrocyte sedimentation rate; lg» immunoglotxjiin; VAS» visual analogue scale. 



(Immunoconcept, Sacramento, CA, USA), Anti-Ro/SS-A and 
anti-La/SS-6 antibodies were detected both by fluroro- 
enzymo-immuno assay (Phadia AB, Uppsala, Sweden) and 
homemade double immunodiffusion. The serum levels of RF 
were evaluated by laser nephelometry (N Latex RF; Dade 
Behring^ Inc., Deerfield^ IL^ USA). Those evaluations were per- 
formed at study entry and at 6, 10, and 18 weeks (that is, 1 
day, 4 weeks, and 1 2 weeks post-treatment). 

HAHA assay 

The sponsor's [Immunomedics, Inc., Morris Plains, New Jer- 
sey, USA] HAHA test is a competitive enzyme-linked immuno- 
sorbent assay (ELISA) in which the capture reagent is 
epratuzumab and the probe is an anti-epratuzumab-idiotype 
antibody. The antiidiotype antibody is an acceptable surro- 
gate for what is reacted against in an immunogenic response 
by humans against the binding portion of epratuzumab which 
distinguishes the molecule from other human antibodies (that 
is, the framework region that has human amino acid 
sequences). Test results are derived from an eight-point 
standard curve with varying dilutions of anti-id iotype antibody 
in bovine serum albumin. Patient serum samples are diluted 
1 :2 with bovine serum albumin and assayed in triplicate. The 
anti-idiotype standard curve is used to determine the presence 
of HAHA in unknown samples. An acceptable assay is based 
on linear regression parameters that must be met to define a 
valkJ assay. 



Statistical analysis 

In general, discrete variables, including responder rates and 
AEs, were summarised using frequency counts and percent^ 
ages. Percentage changes in individual efficacy parameters, 
B- and T*cell counts, Igs, duration of infusion times, and other 
continuous numerical variables were summarised using 
descriptive statistics. The Wilcoxon signed rank test was used 
to assess the statistical significance of changes in the subjec- 
tive efficacy measures (VAS scores], tender points, tender 
joints, ESR, CRP, B cells, T cells, and Igs, compared with their 
baseline values. All statistical tests used a significance level of 
^.05. 

Results 

Demographics and baseline disease characteristics 

Sixteen patients who met the inclusion/exclusion criteria were 
to receive four infusions of 360 mg/m^ epratuzumab once 
every 2 weeks. One patient was discontinued from the study 
upon receiving a partial dose of the first infusion due to a mod- 
erate acute reaction (considered as serious due to a manda- 
tory brief ovemight hospitalisation for observation). The 
ensuing discussion, except for safety, will focus on 1 5 patients 
who received at least one infusion of the study drug and had 
at least one follow-up evaluation. Their baseline characteristics 
are summarised in Table 1 . Among the more notable medical 
histories, seven patients had pulmonary involvement, five had 
parotid enlargement, five had thyroid disease, four had neuro- 
logical impairment, two had Raynaud's disease, and one had 
XypeA\ cryoglobulinemia. 



P^e 4 of 11 

(page number not for dtabon purposes) 



Available online ht1p://arthriti8're8earGh.com/content/dM/R1 29 



Figure 1 
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Responder rates. The overall response of a patient was determined using the four domains: dryness of the eyes (Shimrter-I test)f dryness of the 
mouth (unstimulated whole salivary flow)^ fatigue (visual analogue scale)^ artd laboratory (erythrocyte sedimentation rata and/or intmunoglobulin G). 
A patient who achieved at least 20% improvement in at least two domains is considered a responder. 



Efficacy 

Fourteen patients completed the study through the 1 8-week 
(12 weeks post-treatment) evaluation period, although one 
among these missed the 10-week (4 weeks post-treatment) 
visit. The remaining patient did not receive the fourth infusion 
but subsequently returned for evaluation at 6 weeks. A total of 
1 0 patients returned for the final evaluation at 32 weeks (6 
months post-treatment). 

Generai response 

To assess the overall efficacy of epratuzumab in the treatment 
of pSS, a composite endpoint involving the Schimer-I test, 
USF, fatigue VAS, and the laboratory parameters (ESR and 
IgG) was devised to provide a clinically meaningful definition 
of response, as defined in Materials and methods. Of all 
patients who received at least one dose of the study drug (n = 
15) (Figure 1), more than half (53%) experienced a clinically 
meaningful response of improvement of 20% or more in two 
out of the four criteria at the first post-treatment evaluation at 

Figures 



6 weeks (24 hours after the fourth infusion). The same level of 
response was maintained through 10 weeks and decreased 
only slightly at 18 weeks (47%). At the final 32-week evalua- 
tion, 67% of the patients still showed a response that satisfied 
the response criteria. The corresponding results, when the 
response rates are calculated based on only available patients, 
are 53%, 62%, 50%, and 91% at 6, 10, 18, and 32 weeks, 
respectively. 

The corresponding response rates based on improvements of 
at least 30% and 50% also are shown in Figure 1 . Remarkably, 
approximately 50% of the patients also achieved the stricter 
responder criteria of improvement of at least 30% in two of 
four efficacy parameters by 1 0 weeks and continued to do so 
through 32 weeks. The corresponding response rates based 
on improvement levels of at least 50% were 10%-45%, 
depending on the visit. 




acNrmer-l Test tnsdmuted Salkvy Ptdgjc V!A3 ESR toO 

EMIcicy pH-MMtari 



Improvement rates in individual efficacy parameters. The improvement rate is based on achieving an improvement of at least 20% from baseline, 
ESR, erythrocyte sedimentation rate; IgG, imntunoglobulin G; VAS, visual analogue scale. 
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Table 2 



Subjective measures assessed by visual analogue scale <0-iOO mm) 


Parameters 


Baseline (n — 16) 


6 weeks (fi« 15) 


10 weeks (n — 13) 


18 weeks (n- 14) 


32 weeks (n- 11) 


Fatigue 


55 ±21 


46 ±30 


44 ±28 


45»±22 


41»±29 


Pain 


4d±28 


31 ±32 


32 ±29 


39 ±25 


34 ±26 


Patient assessment^ 


62 ±29 


38«±30 


49 ±23 


48^ ±31 


40*±28 


Physician assessment^ 


56 ± 16 


30* ±22 


36»± 14 


31»± 20 


26»± 12 



Resutts are given in mean ± standard deviation. •Denotes statistical significance of the observed median change-fiwi-baseiine value with P£ 
0.05 by Wilcoxon signed rank test Patient self-assessment of overall well-being. ^Physician global assessment of patient's overall wel^being. 



Functional assessments 
SchirmeH test 

More than half the patients (Figure 2) improved by at least 
20% on their lacrimal function through 1 8 weeks, with 7/1 5 
(47%) still showing improvement at the final visit at 32 weeks. 
The con^esponding improvement rates based on available 
patients are 73%, 69%, 64%, and 64% at 6, 10, 18, and 32 
weeks, respectively. 

USF 

Improvement by at least 20% in USF was observed in 20%- 
40% of the patients through 18 weeks (Figure 2), with 7/15 
(47%) still showing improvement at the final visit at 32 weeks. 
The corresponding improvement rates based on available 
patients are 20%, 46%, 36%, and 64% at 6, 10, 18, and 32 
weeks, respectively. 

Subjective assessments 

Fatigue and patient and physician gfobal assessments 
Improvement by at least 20% in fatigue was consistently 
observed in 40% of the patients through 32 weeks (Figure 2). 
The corresponding improvement rates based on available 
patients are 40%, 46%, 43%, and 55% at 6, 10, 18, and 32 
weeks, respectively. Complete results on all subjective effi- 
cacy measures as assessed by VAS are summarised in Table 
Z Statistically significant improvement from baseline was 
observed in fatigue and in patient and physician global assess- 
nfients at several time points. There were no notable changes 
in pain. 

Objective assessments of joint counts 
Complete results on objective efficacy measures as assessed 
by joint counts are summarised in Table 3. In general, there 
were no notable changes except for a statistically significant 

Tables 



improvement from baseline in the number of tender joints at 32 
weeks. 

Laboratory assessments 
ESR 

Improvement by at least 20% in ESR was observed in 13%- 
33% of the patients through 18 weeks (Figure 2), with 4/15 
(27%) still showing improvement at the final visit of 32 weeks. 
The corresponding improvement rates based on available 
patients are 33%, 15%, 14%, and 36% at 6, 10, 18, and 32 
weeks, respectively. 

CRP 

There were no statistically significant changes in CRP at any 
visit CTable 4). 

fgG 

No improvement in IgG was observed at 6 weeks, but 
improvement was seen subsequently in 1 3%, 7%, and 20% of 
the patients at 10, 18, and 32 weeks, respectively (Figure 2). 
The corresponding improvement rates based on available 
patients are 0%, 15%, 7%, and 27% at 6, 10, 18, and 32 
weeks, respectively. 

Lymphocytes and Igs 

At study entry, peripheral blood lymphocyte and serum Ig lev- 
els (mean ± 8D] for the 1 5 patients were as follows: 21 1 ± 
1 1 1 B cells per ^1, 1 034 ± 426 T cells per ^l, 1 909 ± 669 IgG 
mg/dl, 291 ± 1 1 1 IgA mg/dl, and 146 ± 54 IgM mg/dl. As 
shown in Table 5 and Figure 3, mean B-cell levels decreased 
by 54% at 6 weeks, which persisted at subsequent evalua- 
tions, with no evidence of onset of recovery by the final evalu- 
ation at 32 weeks (6 months post-treatment). In contrast, there 
were no consistent patterns of decreases/Increases either in 



Number off tender points and tender Joints 


Parameters Baseline (n -i 1 6) 


6 weeks (n»15} 


lOweeics (ft-13) 


18 weeks (fi-14} 


32 weeks (n- 11) 


Tender points 4.1 ±5.6 


2.0 ±3.1 


2.1 ± a4 


1.6 ±2.9 


2.4 ± 3.3 


Tender joints 4,0 ± 7,5 


1 .0 ± 1 .8 


1 .1 ± 1 .6 


1.2 ±1.9 


0.3" ±0.5 



Results are given as mean ± standard deviation. •Denotes statistical sijgnirtcance of the observed median change-from-baseline value with P £ 
0.05 by Wilcoxon signed rank test. Almost all patients had no swollen joints at baseline or subsequent time points. 
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Figured 



Figure 4 




Peripheral B-cell counts* 



the T*cell levels or in the available serum levels of IgG, IgA, and 
IgM after treatment 

At study entry, all of the patients with available measurements 
had a CD22 median fluorescence intensity above the normal 
range (from median 88 to 201). This is consistent with the find- 
ing that patients with Sjogren's syndrome have an over-expres* 
sion of CD22. Twenty-four hours after treatment with 
epratuzumab at 6 weeks, all but one patient exhibited a 
decreased CD22 fluorescence intensity below the normal 
range (Figure 4). At week 18, five patients remained CD22 
downregulated, but the others returned to a fluorescence 
intensity as high as at entry. At the final evaluation, all the 
patients recovered to the same increased CD22 expression 
compared with normal, as observed in patients with untreated 
pSS. 

Autoantibodies 

There were no changes in the autoantibodies, anti-Ro and anti- 
La, in any patients with at least one post-treatment measure- 
ment; specifically, in subsequent visits, no patient developed 
new autoantibodies that were not also detected at study entry. 
Almost all patients (13/15 with at least one post-treatment 
measurement) had measurable ANA titers (1 :80 to 1 :1 0,000) 
at study entry. At subsequent evaluations, including the 32- 
week (6 months post- treatment) visit, eight patients exhibited 
at least twice their baseline ANA titers at one or more evalua- 
tions, whereas a similar number (seven patients] had not more 
than half their baseline titers at one or more evaluations, with 
two of the aforementioned patients having both increases and 
decreases from their baseline titers at different evaluation time 
points. 




CD22 eiqsression on B cells as measured by mean fluorescence inten- 
sity (MR). 



Study drug administration and reactions 

A total of 16 patients were exposed to the study drug. One 
patient experienced a moderate-severe acute reaction (flush- 
ing, dyspnea, nausea, vomiting, nasal mucosa swelling, and 
glottis pressure) during the first infusion and was discontinued 
from the study. Of the remaining 15 patients, 14 (93%) com- 
pleted all four infusions of 360 mg/m^ of epratuzumab and one 
prematurely terminated the third infusion after experiencing a 
moderate grade-3 acute infusion reaction (with a loss of con* 
sciousness for several seconds] that subsided within 1 hour 
(the fourth infusion was not administered to this patient). Over- 
all, the infusions were administered in a median infusion time 

Figures 




y / X y y y y 



Serum levels of epratuzumab, as measured by enzyme-linked immuno- 
sorbent assay. 
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Table 4 



Post-treatment changes in CRP, E5R, and Igs 



Post-treatment change from tuseline (mean ± standard deviation) 



Parameters 


6 weeks 


10 weeks 


18 weeks 


32 weeks 




/I-13 




/I-12 




CRP 


0,42 ±1.39 


'0.02 ±0.33 


0.19 ±0.60 


0.03 ±0.22 


ESR 


1.3 ±15.0 


1^±11,0 


-0.9 ±7.7 


-0.3 ±11.6 




/I-15 


ft- 13 


n-13 


ft-9 


igQ 


29.7 ± 249.6 


-31 ±379.6 


7.1 ±313.5 


-120.8 ±363.3 




1,1 ±24.4 


7.6 ±46.9 


-1.2 ±59 


-3.6 ± 62.4 


IgM 


-14.9 ±25.3 


-9.6 ± 28.3 


-15.0 ±32.8 


-2.3 ± 34.8 



None of the changes from t»8eline in the above parameters was statisticalty significant CRP, C-reaclive protein; ESR, erythrocyte sedimentation 
rate; Ig, immunoglobulin. 



of 45 minutes (20-150 minutes) and were generally well-tol- 
eratedf with four transient AEs (headache, lower limb par- 
esthesia, and two cases of acute Infusion reaction] that 
resolved quickly. 



Safety 

Safety assessments focus on 
exposed to study medication. 



all 16 patients who were 



Adverse events 

During or after treatment^ a total of 10 patients reported AEs. 
Four reported having a serious AE (drug-related: acute infu- 
sion reaction as noted above; non^rug*related: dental 
abscess^ transient ischemic attack with secondary seizure, 
and osteoporotic fracture), and three patients had a non-seri- 
ous AE considered drug-related (headache, paresthesia, and 
acute infusion reaction as noted above) that resolved quickly. 
The remaining AEs considered unrelated to study medication 
included fever, palpitation, bone pain, sinusitis, carpal tunnel 
syndrome, diarrhea, and dyspepsia. The two cases of infection 
reported above (sinusitis and dental abscess treated with 
intravenous antibiotics) resolved subsequently without any 
sequelae. 

Safety iaboratories 

Standard safety laboratories showed no consistent pattern of 
change from baseline, and infrequent post-treatment 
increases in National Cancer Institute Common Toxicity Crite- 
ria (CTC) (version 3.0] toxicity grades for these laboratories 
were all limited to changes of at most one grade level, except 
for one patient with lymphopenia that increased from CTC 
grade 0 to 2. 



fmmunogenicity 

HAHA analyses showed three patients with elevated values of 
HAHA: 116 ng/ml at 32 weeks, 120 ng/ml at 18 weeks, and 
1 30 ng/ml at 1 8 weeks. These isolated cases of low-level pos- 
itive HAHA are of uncertain clinical significance because they 
were not associated with specific clinical signs and symptoms 
or other apparent toxicities. 

Pharmacokinetics 

Serum samples for analysis of pharmacokinetics by ELISA 
were collected pre- and post -infusion as well as at 6 weeks 
(24 hours after fourth infusion) and 8, 9, 1 0, 1 4, and 1 8 weeks. 
Epratuzumab serum levels were detectable above the 0.5 jig/ 
ml assay limit in all 1 3 available samples at 6 weeks, in 1 0/1 1 
samples evaluated at 1 0 weeks, in 6/1 0 samples evaluated at 
14 weeks, and in 6/14 samples evaluated at 18 weeks, with 
median values of 143 ^g/ml (range, 43-236] at 6 weeks, 14 
^g/ml (4-51) at 10 weeks, 1 1 jxg/ml (1-1 7) at 14 weeks, and 
3.9 ^g/ml (1 -1 6) at 1 8 weeks (Rgure 5). Non-compartmental 
pharmacokinetic analysis indicated a serum hatf*life (t^/^) 
the fourth infusion of 1 5 ± 8 days. 

Discussion 

In this phase l/ll open-label study, selective immunomodulation 
of B cells led to improvement of objective and subjective 
parameters of disease activity in patients with pSS. In the 
absence of validated disease activity criteria for pSS, we 
developed a disease activity score based on the most frequent 
signs and symptoms of the disease. These included four 
domains: dryness of the eyes (Schirmer-I test), dryness of the 
mouth (USF), fatigue (VAS), and laboratory parameters of ESR 
and/or IgG. Based on this activity score, we observed that 
more than half (53%) of the patients achieved at least a 20% 
improvement in at least two domains 24 hours after the fourth 
infusion at 6 weeks, with the corresponding response rates of 
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Table 5 



Post-treatment changes in lymphocytes 



Post-treatment percentage change from iMseline (mean ± SD) 



Parameter 6 weeks 10 weeks 18 weeks 32 weeks 



Lymphocytes /ih14 n^A2 /i^ll n^7 

B cells -54%«±25% •45%»±47% -39%»±23% -31%»±33% 

T cells 2% ±36% -6% ±34% 1%±13% -5% ±19% 



•Denotes statistical significance of the observed median change-from-baseiine value with 0.05 by Wilcoxon signed rank test None of the 
changes from baseline in T cells was statistically significant SD* standard deviation. 



53%, 47%f and 67% at 10, 18, and 32 weeks, respectively. 
Most improvements occurred in the Schirmer-I test, USF, and 
fatigue VAS. There appear to be onfy a few significant changes 
in ESR or IgG that impacted on the efficacy outcomes. 
Approximately 40%-50% responded at the improvement level 
of at least 30%, whereas 10%-45% responded at the 50% 
improvement level for 1 0-32 weeks. Interestingly, the number 
of respond ers (at 20%, 30%, or 50% improvement levels) was 
higher 6 months after the treatment administration than earlier. 
Such results might indicate recovery or regeneration of glan- 
dular tissue, suggesting the need for pre- and post-therapy 
biopsies of minor salivary glands. Additional findings in terms 
of statistically significant improvement from baseline in fatigue, 
and in patient and physician global assessments at several 
time points, also serve to reinforce the positive results based 
on the composite efficacy endpoint. 

B-cell targeting therapies are promising in the treatment of 
autoimmune diseases, including rheumatoid arthritis [27] and 
SLE [23]. Also, two studies and some case reports evaluated 
the anti'CD20 monoclonad antibody, rituximab, in pSS [10- 
13]. Pijpe et af. reported observing a significant improvement 
in subjective and objective measures, including subjective 
reports of dryness, fatigue, and salivary flow, mainly in patients 
with early-onset disease and in only a few with pSS-associ* 
ated MALT (mucosa-associated lymphoid tissue) lymphoma 
(1 1]. Immunologic analysis showed rapid decrease in periph- 
eral 6 cells but no change in IgG levels. However, four of 1 4 
patients developed human anti-chimeric antibodies (HACAs) 
and three of them developed a clinical picture compatible with 
serum sickness (1 1]. In a retrospective study of short-term effi* 
cacy of rituximab in autoimmune diseases, serum-sickness-like 
diseases occurred in a patient with pSS and in two patients 
with SLE [1 2]. This is supported by another French, open-label 
study using low-dose rituximab which reported improvement in 
subjective parameters of dryness and which also showed that 
two of 16 patients developed a clinical picture of serum sick- 
ness [13]. The most striking finding in those studies is the 
observation of HACA-associated serum sickness, which may 
be of major clinical concern in future trials. Accordingly, fully 
humanised anti^D20 monoclonal antibodies are under evalu- 
ation in autoimmune diseases, in addition to NHL [28-30]. 



Nevertheless, all of these CD20 antibodies appear to mark- 
edly deplete circulating B cells in treated patients. 

Although depleting B cells is interesting in the treatment of 
autoimmune diseases, a novel and rational approach is modu- 
lating their function. Initial data have shown that epratuzumab 
is effective and safe in the treatment of SLE [231. This treat- 
ment was associated with a modest depletion of B cells 
(34%-41%) within 18 weeks, as we observed also in the 
present study (39%-54% within 18 weeks) and as was also 
found in patients with NHL treated with epratuzumab [22]. 
However, it might also function by signalling through the inhib- 
itory CD 2 2 molecule, causing down-modulation of BCR sig- 
nalling, as suggested in recent laboratory studies comparing 
epratuzumab with rituximab [21]. B-cell homeostasis is dis- 
turbed in pSS with diminished frequencies and absolute num- 
bers of peripheral CD27+ memory B cells [4-7], In addition, we 
report here, for the first time, that patients with pSS have a 
CD 22 over-expression in their peripheral B cells, which was 
downregulated by epratuzumab for at least 1 2 weeks after the 
therapy. 

In addition to assessing any evidence of efficacy, the objective 
of this open-label phase l/ll study was to evaluate the safety of 
epratuzumab in patients with active pSS. Three patients 
showed moderately elevated levels of HAHA, but without any 
specific clinical symptoms or apparent toxicity that could be 
associated with the elevations. As compared with patients 
with lymphoma, those suffering from autoimmune diseases 
have been reported to present a higher rate of antibodies to 
chimeric rituximab, but usually not related with clinical manifes- 
tations [27,31]. These discrepancies may be explained in part 
by the high B-cell activity in pSS and the lack of concomitant 
immunosuppressive therapy. 

Conclusion 

This initial experience in patients with active pSS demon- 
strated that four doses of 360 mg/m^ epratuzumab immuno- 
therapy appears to be safe and well-tolerated when infused 
within 45 minutes, with clinically significant responses 
observed in approximately half the patients for at least 18 
weeks in the presence of modestly decreased (39%"54%) 
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circulating B-cell levels, and with evidence of minimal immune* 
genicity, as measured by HA HA. We conclude that epratuzu* 
mab may be a promising therapy in patients with active pSS 
and that a multicentre, randomised, double-blinded, controlled 
study to confirm the beneficial effects of anti-CD22 therapy is 
indicated. 
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Genentech Provides Updates at Annual Investment Meeting 

South San Francisco, Calif. March 17, 2006 - Genentech, Inc (NYSE 
DNA) today provided an overview of its business goals for 2006 and beyond, 
including an update of its Horizon 2010 strategic plan, at its investment 
community meeting in New York. In addition, the company provided investors 
with an overview of recent developments, including highlights from its research, 
development, commercial, and manufacturing efforts. 

"Our success over the past several years has transformed our business, leading to 
additional opportunities for growth," said Chairman and Chief Executive Officer 
Arthur D. Levinson, Ph. D. "We remain focused on understanding the basic 
scientific mechanisms of disease, so that we are better able to select the right 
targets quickly, develop those targets in the clinic, and deliver novel therapies 
that could change the course of some of the deadliest diseases." 

Horizon 2010 Goals 

The company provided an update of its long-term business objectives. The 
company's revised Horizon 2010 goals include: 

• To bring at least 20 new molecules into clinical development. 

• To bring at least 15 major new products or indications onto the market. 

• To become the number one U.S. oncology company in sales. 

• To achieve an average compound annual non-GAAP earnings per share^ 
growth rate of 25 percent. 

• To achieve cumulative free cash flow^ of $12 billion. 

Other Business Updates 

The company made the following additional announcements today: 

• The company expects approximately 40 to 50 percent growth in non- 
GAAP earnings per share for the full year 2006.^ 

• The company announced that the anti-CD20 humanized monoclonal 

antibody (ocrelizumab) Phase I/II ACTION study in rheumatoid arthritis 
met its primary endpoint of safety in all doses studied and also met its 
secondary endpoint of clinical activity at all dose levels studied. The 
most common side effects in ocrelizumab-treated patients included mild 
to moderate adverse events of nausea, chills or headache around the first 
infusion. The serious adverse events observed in patients treated with 
ocrelizumab were similar to those seen in patients receiving placebo. 
There were no serious infusion related events in patients treated with 
ocrelizumab. The rates of infection-related adverse events were similar 



between placebo and active groups. Further analyses of the data are 
ongoing and will be submitted for presentation at a future medical 

meeting. 

• The company announced its decision to acquire land in Hillsboro, 
Oregon for the construction and development of a biotherapeutic 
fill/finish manufacturing facility, which is expected to be licensed and 
operational in 2010. 

• In February 2006, Genentech purchased from Biogen Idee the NICO 
clinical manufacturing facility in Oceanside, California, which will add 
approximately 5,500 liters of capacity to be used for clinical 
manufacturing of new molecular entities. 

• Genentech also announced that the U.S. Food and Drug Administration 
approved in January 2006 the production of Xolair® (Omalizumab) bulk 
drug substance at Novartis' production facility in Huningue, France. 

Webcast 

Genentech will be offering an archived webcast of the investment community 
meeting on its website at http ://www. gene, com . The webcast will be archived 
and available for replay until 8:00 p.m. Eastern Time on March 31, 2006. 

About Genentech 

Genentech is a leading biotechnology company that discovers, develops, 
manufactures and commercializes biotherapeutics for significant unmet medical 
needs. A considerable number of the currently approved biotechnology products 
originated from or are based on Genentech science. Genentech manufactures 
and commercializes multiple biotechnology products and licenses several 
additional products to other companies. The company has headquarters in South 
San Francisco, California and is listed on the New York Stock Exchange under 
the symbol DNA. For additional information about the company, please visit 
http ://www. gene, com . 

Notes 

^ Non-GAAP earnings per share estimates for this period exclude the after-tax 
effects of recurring charges related to the 1999 Roche redemption of our 
common stock, ongoing special charges related to the City of Hope litigation, 
stock compensation expense,and any potential special charges related to existing 
or fiiture litigation or its resolution, or changes in accounting principles, all of 
which could be significant. ^ Free cash flow, a non-GAAP measure, will be 
computed by Genentech based on operating cash flow less gross capital 
expenditures. Operating cash flow is derived from the "net cash provided by 
operating activities" line in the cash flow statement and excludes the after-tax 
effects of non-operational items related to our investment portfolio, asset 
dispositions, litigation costs, debt service costs, and any other potential non- 
operational items which could affect this line, any of which could be significant. 
^ Genentech's forecasted 2006 non-GAAP earnings per share exclude the after 
tax-effects of recurring charges related to the 1999 Roche redemption of our 



common stock estimated to be $105 million on a pretax basis in 2006, special 
charges related to the City of Hope litigation estimated to be $54 million on a 
pretax basis in 2006, stock compensation expense associated with Genentech's 
adoption of SFAS No. 123R on January l,2006,expected to be in the range of 
$0. 15 to $0. 17 per share for 2006 and any other potential special items related to 
existing or future litigation or its resolution, or changes in accounting principles, 
all of which could be significant. 

This press release contains forward-looking statements regarding growth in non- 
GAAP earnings per share and cumulative free cash flow; adding 20 new 
molecules into clinical development and 15 major new products or indications 
onto the market by 2010; becoming the number one U.S. oncology company in 
sales; licensure, development and operation of manufacturing facilities; and 
charges related to the 1999 Roche redemption of Genentech's stock, the City of 
Hope litigation and stock compensation. Such statements are predictions and 
involve risks and uncertainties and actual results may differ materially. Among 
other things, adding molecules into clinical development, adding products or 
indications into the market, and the licensure, development and operation of 
manufacturing facilities could be affected by a number of factors, including 
unexpected safety, efficacy or manufacturing issues,additional time 
requirements for data analysis, and FDA actions or delays including failure to 
obtain FDA approval; becoming a leader in oncology sales could be affected by 
all of the foregoing and by a number of other factors, including 
competition,pricing, reimbursement,the ability to supply product, product 
withdrawals and new product approvals and launches; charges related to the 
1999 Roche redemption of Genentech's stock, the City of Hope litigation and 
stock compensation could be affected by a number of factors, including a re- 
valuation of certain intangible assets, greater than expected litigation-related 
costs, the number of options granted to employees, Genentech's stock price and 
certain valuation assumptions concerning Genentech stock; and growth in non- 
GAAP EPS and cumulative free cash flow, could be affected by all of the 
foregoing and by a number of other factors, including achieving sales revenue 
consistent with internal forecasts, unanticipated expenses such as litigation or 
legal settlement expenses or equity securities writedowns, costs of sales, R&D 
expenses, fluctuations in contract revenues and royalties, and fluctuations in tax 
and interest rates. Please also refer to Genentech's periodic reports filed with the 
Securities and Exchange Commission. Genentech disclaims, and does not 
undertake, any obligation to update or revise any forward-looking statements in 
this press release. 
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Evaluating Antibodies for Their Capacity to Induce Cell-mediated Lysis of 
Malignant B Cells^ 
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ABSTRACT 

Pranlsitig rasuMs firom cUnkal Iriab have led to renewed Inlerast Im 
cffccdM* medumisiiis operating in antibody-based therapy of leokemia and 
lymphonia. We tested a panel of B-celi antibodies from the Sixth Hiunan 
Leiducyte DiffereatiadMi Antigen worisiiop for tlieir capacity to mediate 
antibody-dependent cellubr cytotoxidty^ often considered to be one of the 
moat potent cfTecter mechanisms in mo. As effector cells, MBonvdcar 
cells and potymorphttiudear (PMN) cells from healthy doMon were com- 
pared witfi FcyRI (CD64)-cKpnariiig PMN cdis fktm patlmlB recriTlag 
granulocyte colony-ftlmulatlng factor (G-CSF) treatment. Of the 29 IgG 
worlohop antibodies Mndbig most strongly to the tested malignant hiiman 
B-cen Unes, only 3 consist^tiy induced target cell lysis. These three 
antibodies were determined to be HLA DR reactive* Experiments wttb a 
panel of HLA daas H antibodies showed die involvement of Individual Fey 
receptors on effector cells to be strongly dependent on the antibody 
iflotypc. We then OMuparcd kllUng mediated by chimeric IgGl antibodies 
with that fktim Fcy^-dirccted bispedflc antibodies, targeting dasslcal 
HLA daas n, ortheLym-l and Lyni-2 antigens. The latter two an variant 
fonns of HLA dan H, wliicfa are highly expressed on the surface of 
malignant B cells but wfaidi are found only at low levels in normal cells. 
With Mood fhMn G-CSF-trcatcd donors, bispedflc antibodies showed 
enhanced killing cmnpared to their chimeric IgGl derivatives, because 
they were more effective in recruiting Fc')M-exprcssing PMN cells. G- 
CSF- and Fc7«I-dlrccted Uspedlk antibodies to HLA class II, ttierefore, 
aecm to be an attractive combfaiation for lymphonia therapy. 

INTRODUCTION 

Malignant lymphomas are the most common neoplasm of young 
adults, with increasing mortality over the last decades (1). In the 
Wcstem world, most cases are of B-cell ohgin. and» although chemo- 
and radiotherapy have proven to be effective treatments, the majority 
of patients with disseminated low-grade lymi^oma or relapses of 
higli-gradc lymphoma will ultimately die from their disease. The 
application of MoAbs^ has the potential to become another dierapeu- 
tic option (2). Hematok)gica] nulignancies seem to be paiticularly 
promising targets for antibody therapy, because antibodies to well- 
defined and rather specific surface molecules arc available, therapeu- 
tic antibodies usually reach their targets, and induction of human 
antimouse or antichimeric antibody is less pronounced than in patients 
with solid tumors (3). Clinical trials with customized antibodies to 
patients* tumor idiotype were the first to show encouraging results in 
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lymphoma patients (4), and IDEC-C2B8 [a chimeric CD20 antibody 
(5)] was the first MoAb to be approved by the United States Food and 
Drug Administration for treatment in oncology. 

MoAbs mediate their antitumor effects either by directly acting on 
tumor cells {e.g., by blocking growth factors, inhibiting cell prolifer- 
ation, or inducing programmed cell death or dormancy) or by recruit- 
ing immune effector mechanisms such as cell- or complement-depen- 
dent cytotoxicity. Studies with isotypc switch variants showed a 
positive correlation between the capacity to induce ADCC in vitro and 
therapeutic efficacy in vivo, suggesting that ADCC can be an impor- 
tant mechanism of antibody action in vivo (6). Neutrophils, the most 
abundant Fc receptor-expressing effector cells, showed cytolytic ac- 
tivity against a broad spectrum of tumor cells in vitro (7) and were 
critically involved in the rejection of cytokine-transfected tumor cells 
in viva (8). In vitro, we found cell-mediated target cell lysis by 
neutrophils to be a major effector mechanism for HER-2/neu-directed 
MoAbs (9). The contribution of neutrophils can be further enhanced 
by clinical application of henutopoietic growth factors, such as G- 
CSF or granulocyte-macrophage CSF, which dramatically raise neu- 
trophil numbers in vivo and at the same time stimulate important 
functions, such as phagocytosis^ release of oxygen radicals, and 
ADCC (10). 

Cell-mediated effects of MoAbs require interaction between the Fc 
region of antibodies with activating Fc receptors on immune effector 
cells (11). Depending on their specificity for the heavy chains of IgA, 
IgE, or IgG, Fc receptors are grouped as Fca. Fee, or Fey receptors, 
respectively (12, 13). The majority of Fc receptors consist of ligand- 
specific a chains, which associate with shared molecules for signaling 
(14, IS). Neutrophils constitutively express the myeloid receptor for 
IgA (FcaRI, CD89) and two low-afRnity IgG receptors. Fcylla 
(CD32) and Fcylllb (CD16; Ref 16). IFN-y (17) or G-CSF (18) 
induces neutrophils to additionally express the high-affinity IgG re- 
ceptor (FctRI, Cn^). Tumor^ytolytic activity on neutrophils has 
been established for FcyRI, Fc^MI and, more recentiy, for FcaRI 
(19) but not for FcTRIIIb. which is glycosylphosphatidylinositol- 
linked on PMN cells. Monocytes/macrophages mediate tumor cell 
killing via molecules belonging to all three Fey receptor classes, 
whereas NK cells express only the cytotoxically active FcyRIIIa (11). 

In a previous study, comparing ihc capacity of B cell-directed 
antibodies to induce ADCC of malignant cells, we observed an 
unexpected antigen restriction whereby PMN cells induced high lev- 
els of target cell lysis with antibodies to HLA class II but not with 
antibodies to classical B-ceU antigens, such as CD19, CD20. CD21, 
CD37. or CD38 (20), Here, we report on our results with an extended 
panel of B-ceU antibodies from the Sixth Human Leukocyte Differ- 
entiation Antigen woricshop and with engineered antibody derivatives. 
The results extend our understanding of HLA class Il-directed re- 
agents and their ability to recniit effector cells and underscore the 
potential of bispecific antibodies as therapeutic reagents in the treat- 
ntent of lymi^ma. 
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PATIENTS AND METHODS 

Bk>od DoDon. Experiments reported here were approved by the Ethical 
Comminee of the University of Erlangen-NQmbciB* in accordance with the 
Declaraiion of Hcliinki. After informed consent was obtained, peiipheral 
blood was dnwn from healthy voluntecis or from patients iccciving G-CSF 
therapy. Patients were treated with rti-met-G-CSF (Neupogjen; 3-5 jjig/kg of 
body weight) from Hoffmann La-Roche (BaseL, Switzerland), based on clinical 
indications. In G-CSF treated patients, FcyRI expression on PMN cells was 
significantly (P < 0.001) higher than in healthy donors, as reported (18). 

Isobitloii of Mononuclear and Neutrophil Effector Cells. Mononuclear 
and neutrophil cffcctof cells were isolated as described (20). Briefly, 10-20 ml 
of citiate anticoagulatcd blood was layered over a discontinuous Peiooll 
(Scromcd, Berlin, Gcnnany) gradient After centhfugation, neutrophils were 
collected at the interphase between the two Peicoll layers, and MNCs were 
collected from the PercoLl/plasma interphase. Remaining erythrocytes were 
removed by hypotonic lysis. Purity of neutrophils was determined by cytospin 
preparations and exceeded 95%, with few contaminating eosinophils and < 1 % 
MNCs. Viability was tested by trypan blue exclusion and was higher than 95%. 

Cell Lines. Malignant human B-ccll lines RHH (O-acute lymphoblastic 
leukemia), RAJl (Burkitt's lymphoma), ARH-77 (mature B cells), HUT-78 
(T-acute lymphoblastic leukemia) and L cells (mouse fibroblasts) were ol>- 
tained from the American Type Culture Collection (Manassas, VA). RM-I (an 
EBV-transformcd B-cell line) was from Dr. C, Bonnard (Bethesda, MD; Ref. 
21), and JK-6 (plasmocytoma) was established at our institution by Dr. R. 
Burger (22). All cells were kept in RFIO* medium consisting of RPMI 1640 
(Life Technologies, Inc., Paisley, United Kingdom) supplemented with 10% 
heat-inactivated FCS, 100 units/ml penicillin, 100 units/ml streptomycin, and 
4 mmol/liter L-glutamine (all from Life Technologies). 

Gcneratkm of HLA Qtss II Transfectants. Vectors conuining DRA 
•0101 [DRa 120; ATCC 57392) and DRBl *0101 (45.1 DR0 008; ATCC 
S708I) were obtained from the American Type Culture Collection. Sense 
primers CCC-AAG-CTT-CGA-GCT-CTA-CTG-ACT (DRa) and CCC-AAG- 
CTT-GGT-CCT-GTC-CTG-TTC (DRp), and antiscnse primers CCC-TCT^ 
AGA-AAG-TTT-CTT-CAG-TGA (DRa) and CCC-TCT-AGA-GAA-GGT- 
TCT-TCC-TTG (DRj3) were used to amplify DRa and DRft respectively^ 
cDNA from the plasmids and to generate singular HindUl and Xbal restriction 
sites at 5' and 3' ends. FCR products were cloned into pGEM-T-vector 
(Promega, Madison, WI) and sequenced by the dye termiiuuor method on an 
ABl Prism automatic sequencer (Applied BiosysCems. Foster City, CA). For 
cukaryotic expression, inserts were ligated via their unique restriction sites into 
pRc/CMV (Invitrogen. NV Leek, the Netherlands). Transfection of 10'^ L-cells 
was carried out by simultaneous electropoiation of 10 /ig of each of the DRa 
and Dkfi expression vecton at 250 V and 960 /jp (Bio-Rdd, Richmond, CA). 
After 24 h, G418 (Life Technologies) was added to the culture medium for 
selection of stable transfectants. High-expressing cells were obtained by flu- 
orescence activated cell sorting on an EPICS ELITE ESP (Coulter, Hialeah. 
FL) after staining with HLA class 11 antibody F3.3 and FTTC-labeled goat 
antimousc F(ab')a. 

MoAbs and Antibody Coiutnicts. B-cell panel antibodies were from the 
Sixth Human Leukocyte Differentiation Antigen workshop (Table 1). Hybh- 
domas of negative control antibody 3.6.2 (mIgG2a) and L243 (HLA DR, 
niIgG2a) were from the American Type Culture Collection. HLA class 11 
antibody F3.3 (mlgGl) and invariant chain (li, CD74) antibody AT14/1S 
(mlgGl) were produced at Tenovus Research Laboratory (University of 
Southampton. Southampton, United Kingdom). HLA DR (B8.1 1.2, niIgG2b)-, 
DP (B7.21, mlgG2a)-, and DQ (SPV L3, nilgG2a)-8pecific antibodies were 
kindly provided by Dr. R. Bontrop (Biomedical Primate Research Center, 
Rijswijk, the Nethcriands). Murine Lym-1 (mIgG2a) and Lym-2 (mlgGl) and 
their nnouse/human chimeric IgGl constructs were produced as described 
(23. 24). 

Fc receptor antibodies 22 and 197 (inlgGl and lgG2a, respectively), both to 
FcyRli 1V.3 (mtgG2b) to FcyRIl; and 3G8 (mlgGl) to FcylH, as well as 
F(ab') and F(ab')2 fragments of 1V.3 and 3G8. respectively, were kindly 
provided by Medarex (Annandale, NJ). 

Bispeciftc antibodies [Fc-yRI X HLA class H], fFcyRl X Lym-1], and 
[FcyRI X Lym-21 were produced by chemically cross-linking F(ab') frag- 
ments of trigger molecule MoAb 22 (FcyRI; CD64) with F(ab') fragments of 
target antigen antibodies F3.3, Lym-1. or Lym-2, as described (25). Briefly, 



Table I BinJing of B*ceH pml anUhodits to B<tU Una cf different maturaibm teveli 
Om hundred two antibodies 1n»i the Sixth Human Leukocyte Diftmndition Antigea 
woricshop were tested for binding Id four diflinvnt human B^U linea. Relative fluores- 
cc p c e uilcnsitis^ antibody iioCypcs, and andbody ipecificityt as ddonuned by the 
wofkabop, aic KilBd for the 29 moat smugly bindinf anlibotfies. 



Cell hne 



Antibody 


Isotype 


Antigen 


R£H 


RAJI 


RM-1 


JK-6 


BOQl 


IgGl 


CD45RA 


13.9 


4S.6 


44.2 


3.4 


BOOS 


IgGl 


CDI38 


0.9 


0.83 


2L4 


51.0 


B006 


IgOl 


Unknown 


0.9 


1.3 


29.8 


10.7 


B019 


IgGl 


Unknown 


13.0 


47,7 


56.8 


1.2 


B022 


IgGl 


CDI9 


S6.6 


18.0 


4.0 


0.9 


B023 


IgGl 


CD22 


6.1 


21.7 


2.0 


1.0 


B02S 


I«G1 


CD37 


1.6 


37.0 


15.9 


0.9 


B026 


I«G2a 


Unknown 


IJ 


1.7 


2.2 


19.0 


B028 


IgGl 


CD24 


37.7 


2.7 


1,5 


1.2 


B033 


IgGl 


Unknown 


1.0 


lOJ 


6.7 


4.6 


B03S 


IgG2a 


CD55 


1.6 


1.6 


3.4 


6.4 


B042 


IgGl 


Unknown 


3.0 


2.0 


23.7 


29.3 


B044 


IgGl 


Unknown 


11.6 


42.1 


1.1 


50.3 


B046 


IgGl 


CD9 


62.4 


IJ) 


0.7 


1.3 


B(M8 


IgGl 


CD79 


1.6 


7J 


2.1 


4.9 


B049 


IfGl 


Unknown 


t.l 


1.0 


1.2 


83 


BOM 


IgGl 


Unknown 


9.3 


IJ 


5.4 


1.7 


B065 


IgGl 


Ckis II 


2.0 


1.9 


30.0 


2.6 


B066 


IgG3 


K 


2.0 


1.6 


0.8 


8.0 


B067 


IgGl 


CD39 


2J 


2.6 


28.4 


1.1 


B06S 


lgG2a 


Class 11 


3.0 


2.6 


12.9 


05 


B069 


IgG3 


DR 


35.8 


87J 


67.9 


1.9 


B070 


IgG3 


DR 


37.2 


87J 


56.8 


1.1 


B071 


^ 


DR 


28.9 


]3J) 


6.5 


0.8 


B076 


IgGZa 


IgM 


23 


44^ 


7.6 


0.8 


B0f77 


IgGl 


CDI9 


5U 


32.0 


6.3 


0.6 


B095 


IgGl 


CD21 


4.6 


25.8 


2 J 


1.5 


B096 


[gGl 


CDIO 


52.1 


19.2 


2.5 


IJ 


B099 


^l 


CD21 


L4 


20.8 


l.l 


0.8 



F(ab')2 fragments were pixxluced by limited digestion with pepsin and wen 
then reduced with mercaptoethanol amine to [novide F(ab') with free hinge- 
region sulfur hydrDxyl (SH) groups. The SH groups on one of the Fab'7 (SH) 
partners were then fully derivatized with excess o-PDM to provide free 
maleimide groups. Finally, the F(ab'>^PDM and F(ab'>-SH weie combined at 
a ratio of 1 : 1 to generate heterodimeiic F(ab')-^PDM-F(ab') constnicts. Afler 
purification by size exclusion chnnnBtograpfay and chaiacterizaiion by high- 
perfbnnance liquid ehromatography, samples were sterilized by filtntion and 
stored at 4*C. All bispecific antibodies showed binding to effector and taigel 
cells as expected from their parental antibodies. 

Chimeric Fab(Fc)2 constructs of HLA class 11 antibody F3.3. consisting of 
F(ab') fragments from the mouse antibody chemically conjugated to two 
human Fc fragments, were prepared as reported (26). Briefly, F(ab'}-^PDMs 
of F3.3 were produced as described above. To prepare Fc^, Dornial human IgG 
was digested with paprn, and die resulthig Fey fhigmenta were scpanted and 
purified. Following reduction of Fc7 fragmems, fn^gnwnts were incubated 
with F(ab')^roM to yield Fab(Fc)2 constructs with mainly human IgGl Fc 
fragments. 

ImmunofluoreKence Analyaia. During incubation of effector cells with 
MoAbs, polyclonal human IgG (4 mg/ml) was added to inhibit nonq)edfic 
binding to FcyRI. FTTC-labeled F{ab% fragmenu of goat antimouse or anti- 
human MoAbs were used for staining. Cells were analyzed on an EPICS 
PROFILE flow cytometer (Coulter). For each cell population, RFI was calcu- 
lated as the ratio of mean linear fluorescence intensity of relevant to irrelevant 
isotype-matched antibodies. 

ADCC Assays. ADCC assays were perfonncd as described (20). Briefly, 
target cells were labeled with 200 /iCi of ^^Cr for 2 h. Effector cells, 
sensitizing antibodies, and RFIO'^ were added into round-bottomed microtiter 
plates. In some experiments, Fc7 receptor-Uocking antibodies were used at a 
final concentration of 10 |ig/mL Assays were started by iddiiig the taxget cell 
suspension, ^ving an E:T cell mtio of 40:1. For whole blood assays, 50 
whole blood were added instead of isolated effector cells. After 3 h at 37*C, 
assays were stopped by ccntrifugatioci, and ''Cr release from triplicates was 
measured in cpm. The percentage of cellular cytotoxicity was cakulaled using 
the fonnulai 
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% specific lysis = 



ExpeiimenUl cpm - basal cpm 
Maximal cpm ~ basal cpm 



X 100 



with maximal '^Cr release determined by adding perchloric acid (3% final 
ccMicentnilioo) to target cells and basal release measured in the absence of 
sensidzinf antibodies and effector cells. Only veiy low levels of antibody- 
nwdiated^ noncellular cytotoxicity (without effector celts) were observed under 
these assay conditions (<5% specific lysis). Antibody independent killing wu 
seen in whole \Aood assays and with monmuclear t^cdor cells, but not with 
PMN cells. For analysis of effects induced by Fc receptor antibodies^ percent- 
age of inhibtticMi was calculated as follows: 



% inhibition ^ 



% lysis without - % lysis with Fc^ antibody 
% lysis without Fc^ antibody 



K 100 



Slatlftica! Analysis. Data are reported as mean ± SE from an indicated 
number of experiments with different blood donors. Diffcicnccs between 
groups were analyzed by unpaired (or. when jq)propriale, paired) Student's i 
test Levels of significance are indicatedL 

RESULTS 

ADCC Activity of the B-CeU Pand Antibodies from the Sixth 
Human Leukocyte Differentiation Antigtii Workshop. A total of 
102 B-cell antibodies from the Sixth Human Leukocyte Differentia- 
tion Antigen workshop were tested for binding to four human B-cell 
lines representing diffdnent stages of maturation: REH (O-acute lym- 
phoblastic leukemia), RAJI (Burkitt's lymphoma), RM-1 (mature B 
cells), and JK-6 (plasmocytoma). Binding intensities of the 29 most 
stmtgly binding IgG antibodies, their isotypes, and their antigen 
specificities, as detennined by the B-cell wtHkshop, m summarized 



in Table 1 . These antibodies were then analyzed for their capacity 
to mediate ADCC against respective target cell lines. As effector 
cells, we compared PMN cells (data not shown) and MNCs from 
healthy donors with PMN cells from patients during G-CSF treat- 
ment (Fig. 1). Antibodies B069, B070, and B071 were found to 
give the highest levels of killing on the broadest spectrum of target 
cells. These three antibodies, as well as B06S and B068, were 
detennined by the worlcshop to be HLA class II reactive. B065 and 
B06S, however, bound only weakly to most of the tested target 
cells (Table I) and did not mediate ADCC. MNCs, additionally, 
mediated ADCC against RAJI cells in the presence of antit>odies 
B025 and B099, which were clustered as CD37 and CD21, respec- 
tively. Plasmocytoma cell line JK-6 is HLA class II negative and 
was not lysed with any of the tested panel antibodies. However, 
JK-6 cells, coated with the hapten nitroiodophenyl, were killed by 
PMN cells and MNCs in the presence of nitroiodophenyl -directed 
antibodies, excluding the possibility that they were resistant to the 
lytic mechanisms of ADCC (data not shown). Interestingly, PMN 
cells were cytotoxic only in the presence of HLA class II antibod- 
ies, as previously reported (20). 

Isotype Dependency of MNC- and PMN Cdl*medjated ADCC 
Antibody isotype has been reported to tie a critical factor for effective 
ADCC (6). Therefore, we analyzed HLA class II antibodies of dif- 
ferent isotypes for their capacity to mediate ADCC with PMN cells 
and mommuclear effector cells. As expected from the isotype speci- 
ficities of Fc'>^iina on NK cells (16)* MNCs were most effective with 
antibodies of human IgGl or murine IgGB isotypes. PMN cells from 
healthy donors or from G-CSF-treafed patients induced significant 
target cell killing with antibodies of human IgGl, as well as with all 



o 

I 



20 H 
10 

0 H 



0-ALL (REH) 



iii 



— I 1 I : 1 1 ! 1 1 1 1 [ I 

neg BOOl B019 B022 B028 B044 B046 B054 B077 B096 B069 B070 B071 




neg BOOl B019 B023 B025 B044 B076 B077 B095 B099 B069 B070 B07I 




neg BOOl B005 B006 B0I9 B02S B042 B065 B067 B068 B069 B070 B071 



20 
10 - 
0 - 



plasmocytoma (JK-6) 



neg BOOl BOOS B006 B026 B033 B03S B042 B044 B048 B049 B065 B066 

Fig. 1. ADCC CMp&city oi B-ccll p«nd antibodies ufainit mdifiuM B-cell Imei. The 12 \gG Mtibodiet with the hig^ieii ttdfung imemities on four htunta EotW Hnes (we Tiblc 
1) were leited tl 2 ji^Mil in ADCC igainst nuhgiuni B cells of diffamt nutuntioa leveb, Ai effector oelb« G-CSF-primed PMN celh (B) or MNCi (□) were used M an E;T nlio 
of 40:1. Significant ADCC (•) wu otMerved moet couLiteiitly with antlbodiei B069. B070, and B07U which were directed against HLA DR and, thoefore, stained negative on 
plMmocytom* cell Uoe JK-6. Results from four experinients with different donors are presented at mean ± SE of the percentage of specific lysis. 
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Ftf . 2. Isotype dependency of MNC- nd PMN eell-inedi- 
ued ADCC. HLA dus II HMitMNbes of different uotypei were 
cofflpired in ADCC tgainst RAJI lymphoma cells ning MNCi, 
hevhhy donor PMN celli (ND FMS), or G-CSF-primcd PMN 
celli [C CSF FMN) oa effector cells. PMN nils modiitod 
figiufinuA ACXX: {P < 0.05, indicMed by •) with ell antibody 
isotypcft whereas MNCa weic effective only with hlgGl, 
mlgG3. ftod ml^l itotypes. Wiifa tntibodies of hlgGl, 
mlg02e. aad mlgOS uoCypci . G-CSF^primed PMN ccUi were 
lignifinndy more q^otoik {F < O.0KS, indicated by #) then 
beehhy dofior PMN cclli. Results from four experiments with 
difTcreat donon ire displiyed u mein ± SE of the pereent^fe 
of specific lysis. 



80* 



40' 




HDPMN 
G-CSFPMN 
MNC 




ncg hlgGl 

(chF3.3) 



mlgGl mIgG2t 

(F3J) (Lym-1) 



iiiIgG2b mlgOS 

(B8.1L2) (B070) 



murine isotypes (Fig. 2). G-CSF-primed PMN cells were significantly 
more effective than healthy (kmor PMN cells with human IgGl, 
murine IgG2a, and murine IgG3 antibodies. From these data, we 
conclude that negative results with G-CSF-primcd PMN cells and 
B-ccIl panel antibodies (Fig. 1) were not explained by insufficient 
interaction of sensitizing murine antibodies with human Fc receptors 
on PMN cells. 

Isotype^ependent Involvement of FcyR In ADCC by G-CSF- 
primed PMN Cells. MNC-mediated ADCC was, as expected, com- 
pletely blocked by F(ab'}2 fragments of FC7RIII antibody 3G8 (data 
not shown). In contrast to healthy donor PMN cells, which express 
both the low-affinity FC7RII (CD32) and Fc^RIII (CD 16), G-CSF- 
primcd PMN cells additionally express the high-affmity Fc*)^! 
(CD64). The contribution of each of these three VcyR classes to 
ADCC was analyzed in assays via difTerent target antibody isotypes 
by selectively blocking FcyRI. FcyRIl, or FcyRIII with antibodies 



197, IV.3, or 3G8, respectively (Fig. 3). Under our assay conditions, 
these Fc receptor antibodies are well documented to block selectively 
their respective Fc receptors (Refs. 13 and 16). Involvement of FC7RI 
was highest in assays via mIgG3, mlg2a, and hlgGl antibodies. These 
three isotypes were also more effective with G-CSF-primed PMN 
cells compared to healthy donor PMN cells (Fig. 2), indicating that 
expression of Fc^RI on G-CSF-primed PMN cells causes enhanced 
killing via these isotypes. Blocking of FctRII, on the other hand, had 
the most prominent influence in assays via mlgGl and mIgG2b 
isotypes (in decreasing order}. Interestingly, blockade of the most 
strongly expressed RyRIII did not niduce significant inhibition in 
assays via any of these target antibody isotypes, a finding that might 
relate to the glycosylphosphatidylinositol anchorage of F^TRlIIb in 
PMN cells. However, F(ab']2 fragments of FctRIII antibody 3G8 
stimulated ADCC in FcTRII-dependent assays. In combination with 
dau from Fig. 2, these results suggest that particulariy the therapeutic 



hlgGl 

(chF3.3) 



mlgGl 

(F3.3) 



mIgG2a 

(Lym-l) 



mIgG2b 

(B8.1U) 



inlgGB 

(B070) 
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Fig. 3. Role of difTerent FtyR in ADCC by G-CSF- 
primed PMN cells, dqpending on tirfei tntibody 
isotypes. G-CSF-primed PMN odb, expressing 
Fcfltl. FtyRIl. and FctKIII, were used as effector 
cells in ADCC against RAJI lympboma cells. Tar- 
get cells were sensitized with HLA class 11 antibod- 
ies of different isoCypet« and FQifiL involvement was 
(ktennlnod by blocking FcyRI </), Fc>ftU (/O. or 
FcyRin {///) with MoAb 197 (whok antibody), 
IV.3 [F(ab'} friKmemi], or 3G8 [F(ab'i)-freg- 
mentsl. respectively. Involvement of Fc-jAl^ as in- 
dicated by blockade with MoAb 197, was Ughest 
wiib mlgGl antibody (94 ± 4%X whereas block^k 
of FcyRII had the itroogeal influence on mlgOI- 
mediated ADOC (98 ± 1%). Bkxrkade of FcyRIH 
showed no significam Inhibition with any of tbe 
tested isotypes, but it sdmulaced FcyftH-mcdiated 
ADCC via mlgGl and mIgG2b antibodies. Data 
represent mean ± SE of percentage of inhibition or 
stimulation from four experiments with different 
donors. significant influences of FcyR antibod- 
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(A) 



(B) 



Fig. 4. ComiMring HLA DR. DP, DQ and CD74 
•I tMtgtt uiiigens on milignuit B celli. A, andbod- 
k% •»wut HLA DR (B8.I1.2). DP (67/21). DQ 
(SPV.1J). or CI>74 (AT14/19) were used for scn- 
sitiziCion of RM-1 nahm B cvlli. B, m ADCC 
usays witfa PMN ccll» from hcahhy dooon (ND 
PhiS) or from G-C5F-treited pMioMa {G-CSF 
PMN), boOi effector Dcll popuUtioni mediited lig- 
nificafit killing (P < 0.03, indicated by *) by anti- 
bodta to all four tatfcl antigens. G-CSF-pnjMd 
PMN oelli were more effective (han heakhy donar 
PMN odls. Data from four eaperirocnu with dif- 
fcRBt dofkon arc pmcnlGd as mean ± SE of the 
peicCttUiige of tptaHQ tyui. 





HLADR HLA DP HLA DQ CD74 



efficacy of antibody isotypes reacting with F^tRI may benefit from a 
combination with G-CSF. 

Comparing HLA DR, DP, DQ, and Invariant Chain CD74) 
as Target Antigens, With the B-cell panel antibodies, PMN cells 
<Hily mediated ADCC against malignant B-cells with HLA DR anti- 
bodies but not with antibodies to other B cell-related antigens (Fig. 1 ). 
Next, we analyzed whether PMN cells could induce B-cell lysis with 
antibodies to other HLA class II isofonns, or to the associated invari- 
ant chain (li, CD74). RM-1 mature B cells served as targets for these 
experiments because they were found to express high levels of all four 
antigens (Fig 44). As shown in Fig 4^, both healthy donor and 
G-CSF-prinied PMN cells induced significant A£)CC with antibodies 
to HLA DR. DP, DQ. or via invariant chain antibodies. G-CSF- 
pdmed PMN cells were again more cffiective tluui healthy donor PMN 
cells. 

To analyze whether neutrophil-mcdiated cytotoxicity by HLA class 
n antibodies is B cell specific* we used the HLA class II expressing 
T-cell line HUT-78 (RFl = 207) as the target for ADCC. In these 
experiments, healthy donor PMN cells were hi^y elective 
(40 ± 15% specific lysis; n ^ 6). Next, we tested whether HLA DR 
transfected into nonlymphoid cells can trigger ADCC in the presence 
of HLA class II antibodies. For this purpose, HLA DRa and DRfi 
were stably cotransfected into L cells (RFI = 55), which were then 
used as targets in ADCC. Again, effective AEX^IC was mediated by 
PMN cells in the presence of HLA class n antibody F3.3 (17 ± 7% 
specific lysis; n = 4), 

Comparison of FcyRI-directed Bispcdfic Antibodies and Chl- 
nmk Human IgGl Antibodies against HLA Class U and Its 
Variants Lym-1 and Lyni-2* Results reported thus far were obtained 
with isolated effector cells at constant effector to target cell ratios. In 
addition to inducing FctRI expression on PMN cells, in vivo appli- 
cation of G-CSF also dramatically increases PMN cell numbers. To 
assess the role of increased effector cell numbers, we established 
whole blood ADCC assays, in which 50 ^1 of freshly drawn blood 
from healthy donors or from patients receiving G-CSF were used as 
the effector sources. These assays, in addition to cell-mediated effects, 
measured antibody-mediated complement-dependent lysis. Fb^I- 
directed bispecific antibodies (all [F(ab') X F(ab')]) to classical HLA 
class II (22 X F3.3])» Lym-1 (22 X Lym-1), or Lym-2 (22 X Lym-2) 
antigens were compared with their respective mouse/human chimeric 
IgGl constructs. ARH-77 mature B cells were used as targets in these 
assays because they expressed all three target antigens (Fig SA). All 
three chimeric IgGl constructs n>ediated significant lysis with blood 
from healtiiy donors (data not shown) or from G-CSF-treated patients 



(F!g SB), especially at high antibody concentrations. However, there 
was no significant difference between healthy donor blood and blood 
from G-CSF-treated donors. Interestingly, whole blood from G-CSF- 
treated donors mediated ADCC with all three bispecific antibodies, 
and this was signiflcantiy higher than the cytotoxicity achieved with 
chimeric antibodies, especially with Lym-1- or Lyni-2-directed bispe- 
cific antibodies (Fig 5B). As expected from the low numbers of 
Fc^RI -expressing cells in healthy donors, FcyRI-directed bispecific 
antibodies were not effective with blood from healthy donocs (data not 
shown). 

When whole blood was then fractionated into plasma, MNCs, and 
PMN cells, the chimeric antibody against classical HLA class II was 
significantly more effective in inducing lysis with fresh human plasma 
than the Lym-1 or Lym-2 antibodies. This activity was completely 
abolished when plasma was heat inactivated, suggesting that comple- 
ment activation was the underlying mechanism. CThimeric IgGl anti- 
bodies directed against Lym-1 (data not shown) or Lym-2 (Fig. 6) 
mediated lysis mainly with mononuclear effector cells. However, 
FcTiU-directed bispecific antibodies also effectively recruited 
G-CSF-primed PMN cells and therefore were signiflcantiy more 
active with G-CSF-primed blood than chimeric IgGl antibodies. 

DISCUSSION 

Results reported in this study extend previous observations that 
HLA class II antibodies are excellent in eliciting effector cell-medi- 
ated killing of malignant B cells (20, 27, 28). Antibodies to HLA class 
II were also reportedly effective in mediating complement-dependent 
lysis (29), in inhibiting cell proliferation (30), and in inducing apop- 
tosis by Fas-mediated pathways (31), all of which are considered 
important effector mechanisms for therapeutic antibodies in vivo. 
HLA class II antigens are highly expressed on a broad spectrum of 
malignant B cells, are absent on hematopoietic stem cells and plasma 
cells, do not modulate, and are only found at low levels in soluble 
form. Furthermore, antibodies to HLA class II showed therapeutic 
ef^cacy against malignant B cells in syngeneic (32) and xenograiled 
mouse tumor models (30, 33). ImportanUy. no side effects were 
observed in these mice, and extended immunological experiments did 
not reveal long-lasting immunosuppression after this treatment (32). 
However, HLA class II is not specific for malignant B cells but is also 
found on antigen-presenting cells like normal B cells, monocytes/ 
macrophages, and dendritic cells. On these cells, HLA class 11 serves 
important functions in presenting antigens to CD4-positive T cells, 
and HLA class II antibodies were shown to induce tolerance under 
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fig. 5. Coifipvrinf cbunerie IgOl ud FcTRI-dizecUd bispecific iniibodies mf/^aat 'tlMMtiaT HLA clan II and ^yvnil HLA clan H vahantB Lym-l. or Lym-2. whole blood 
from Q-CSF-tnMeid pHieBb wu uwd » efleclor lource Mg/unA ARH-77 mctoit B cetb, wUdt toined potUive wilfa HLA cttn U Mtibody Lym-U tnd Lym-2. B, npaficM 
\y%n iP < aOS, iDdicsted by *) wm obiccved with all rix contCructi. However, biipecific aolibodlei were sigmfiGaiitly more cflectivc {P < O.QS. iodicaied by #) thn cWmeriG IgOl 
■niibodieit especially when Lym-I or Lyin-2 wis iirgeted. Dm from tlifee experimencs wUti diflerenl donon are presented as mean ± SB of the peiceBtage of specific lyiU. 



certain experimenta] conditions (34). In addition, HLA class n ex- 
[Kvssion is inducible on virtually every cell type by proinflammatoty 
cytokines, such as IFN-7. Subsequently, HLA class n antibodies 
showed severe toxicity in nonhuman primates, probably due to un- 
controlled complement activation on cytokine-activated endothelial 
cells (35). These latter results have delayed (he clinical development 
of HLA class II antibodies as therapeutic reagents because constructs 
wilfa a lower complement-activating capacity were needed. 

Reduced complement activation by MoAbs can be achieved by 
different approaches. For example, the CiQ-binding site of human 



IgG could be mutated, or antibody isotypes with less activity in 
complement activation, such as human Ig;G4 or human IgA, could be 
selected. Human IgA does not activate complement-dependent lysis, 
which seems beneficial when HLA class II is considered as target 
antigen* but is very effective in inducing cell-mediated lysis of tumor 
cells (19). Furthermore, antibodies to glycosylatton variants of HLA 
class 11, such as Lym-1 or Lym-2, have been shown to activate human 
complement (29) but were less potent than classical HLA class 
antibodies. Lym-1 and Lym-2 may have the additional advantage that 
they bind preferentially to HLA class U in malignant human B cells 



Bg. 6. Analyzing effector mechanisms of a chimeric IgG I and 
an Fc>ftl-dlreeted bispectfic and body against Lym-2. Lysis of 
ARH-77 mature B cclb was measured comparing mouse/human 
chimeric IgGl or (Fc^^ ^ LynH2) tnipedfk ntibody dvtcted to 
the Lym-2 Mkdgen (both 2 fi^^). Ai the efTectar sauxct, whok 
blood from G-CSF-ticated patknCi {C-CSF) or from healthy donon 
{HD) was compared and then fractionated inio plasma, isolaied 
MNCs or PMN cells. Interestingly* plasma was compleicly inef- 
fective, indicating that no comptement-mcdiaAed lysis o ccur red. In 
heahhy donor bfood, lyiit with the chhncric |g01 antibody resided 
mainly in the MNC fraction, whereas in O-CSF-treaind patiemi , 
PMN cells were also recruited more effectively. As expected, the 
PcvRI-directed btspedfic antibody was only effective with G-CSF- 
primed samples, in which it induced signiftcantly higher killing 
{P < 0.05) than the chimeric antibody. *, significant lysis; 0, 
diflerences between healthy donon and G-CSF-treated patients 
{P < D OS). 




'*// *// ^i/ 
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compared to nonnal B cells and monocytes (23). A clinical Phase 
I trial with murine Lym-1 showed minimal toxicity in lymphoma 
patients (36). However, clinical responses with the unconjugated 
antibody were unsatisfactory, and the Lym-l antibody is currently 
evaluated as a radioimmunoconjugate (37, 38). Meanwhile, anti- 
bodies Lym-1, Lym-2, and IDIO (another antibody with simitar 
binding characteristics) have been expressed as human IgGl anti- 
bodies (30, 39). and clinical trials with these reagents are expected 
to start soon. However, in whole blood assays, effector cell re- 
cruitment by human IgGl antibodies proved less optimal, as shown 
in Fig 5B, 

Human IgGl antibodies effectively activate human complement, 
interact well with Fc-yRUIa cm NK cells and macrophages (40), and 
have an extended half-life in vivo because they are protected from 
degradation by binding to FcRB (41). However, human IgGl was less 
effective in recruiting PMN cells, the most populous Fc receptor- 
expi«ssing cffectCK- cells in the blood. This could be explained by 
competition of lher^)eutic antibodies with high concentrations of 
natural immunoglobulins for binding to Fc receptors. This issue is 
especially critical for FC7RI because this high-affinity receptor binds 
monomeric IgG and theiefcMe is not available as cytotoxic trigger 
molecule in the presence of serum ccmcentrations of human IgG (42). 
In addition, therapeutic antibodies may bind to Fc recepcozs on non- 
effector cells (e.g., platelets or B cells) to Fc receptors on effector 
cells, which do not trigger cytolytic cascades (r.g., Fc-yRIIb or 
FcTRIIIb). Fc recepttMr-directed bispecific antibodies represent an 
elegant solution to many of these problems (43). These genetically or 
chemically constructed molecules combine specificity fcK^ a tunwr cell 
epitqx with reactivity for a cytotoxic trigger molecule on immune 
effector cells, thereby allowing specific engagement of activating Fc 
receptors on cytotoxic cells. By selecting antibodies, vfiAdh bind with 
their variable regions to Fc recqstcM* epitopes distinct from the immu- 
noglobulin binding site, competition with serum inununoglobulin can 
be avoided, and full activity in the presence of natural antibodies is 
conserved. Hematopoetic growth factors, such as G-CSF nr granulo- 
cyte-macmphage C5F, can be used to dramatically enhance efRcacy 
of Fc receptor-directed bispecific antibodies by increasing effector 
cell numbers and by up-regulating expression of select Fc receptors 
(44). Recently, we proposed FcodU, which is found tm monocytes/ 
macrophages as well as eosinophilic and neutrophilic granulocytes, as 
promising trigger molecule (19). Bispecific antibodies directed 
against FcyRI (which is expressed on monocytes/macrophages, acti- 
vated PMN cells, and subpopulations of dendritic ceils) and FctRIII 
(which is expressed on macrophages and NK cells) are currendy being 
tested, with pnmiising results, in clinical trials (43). In Phase I/II 
smdies, Fc receptor-directed bispecific antibodies showed acceptable 
toxicity profiles and evidence of biological activity (45-48), leading 
to an ongoing evaluation for clinical efficacy (49). The results pre- 
sented in this report ^vide flie rationale for clinical studies with a 
combinatioa of G-CSF- and FcTRI-dirccted bispecific antibodies to 
HLA class Il-related antigens in lymphoma patients. 
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ABSTRACT 



Two new monodoail antibodies (Lym-l and Lyai-2X reactive with tlie 
cell snrface of B-lyHphocytes and derired tMOn, have been prodnced 
nsing tumcM' cell nncki preparatioiu as immunogeas. Specificity scrcena 
using live ceil radioiiiMnoassay tedMiques witti 52 weU-dumurterized 
liUDHUi lympiioma and leokemia ceil lines showed that both Lym-l and 
Lym-2 bowid to celi lines of B<eU lineage bvt wm unmctire with those 
of T-ceil, myeloid, or erythrold dcrivatkm. The B<ell spedlkity of these 
was coofirBWd oa 36 lyn^Mana and 15 leokcaia Uopty tped- 
by using imainaopmzldase or iBBMawflaii 



AdditkHudly. flow cytometric aaalysts of 22 lyatphoaai biopsies showed 
that the au^Joiity of B^U twon were Lym-1 and/or Lyn-2 positive 
and tlial within a given biopsy^ a high percentage of tlK ■tiltgatnt ceil 
popniatioo was stained, la both tlie ImmiiBopmxidase and flow cyto- 
metric stndieSf reactive T«celia or T-celi lymphomas were consistently 
negative with the exception of Hodgkin's disease tissues whidi, in some 
instances, showed a higher than expected positivity with Lym-l and Lym- 
2. Approximately 40% of B<ell chronic lymphocytic Itnkemias were 
found to be positive with Lym-1 while S0% wm positive with Lym-2» 
Immnnoperoxldase staining ^ froxen sections of hnmaa lymphoid tfssnes 
showed that both Lym-1 and Lym^2 stained germinal center and mantle 
zone B-lymphocytes as well as intcrfollicalar histiocytes. Flow cytometric 
analysis of normal peripheral blood demonstrated specific staining of B- 
cells which comprised approxiauitely S% of drmhiting lymphocytes. 
Immunoperoxidase staining of nonlymphoid human organs and tissues 
rcveakd wcaic reactivity of Lym-1 with surface colonic epitheUnm only. 
CoBsisteBl with these findings. 35 solid tnmor ceU lines of diverse nature 
were fiumd narenctive with both Lym-1 and Lym-l, Althoqgh standard 
techniques ha ve thvs £u- EuM to ideatify the antigen recogniied b^ 
2, the membrane antigen which binds Lym-1 has been shown by iaunu- 
nopredpltation and competitive mdioimmunoasaay stodies to be a poly- 
morphic variant of the HLA-Dr antigen. Solid-phase radioimmuaonssay 
techniques have shown that the antigetts recognized by Lym-1 and Lyai- 
2 are not significantly modulated after antibody exposmv nor shed into 
the drcufaition of lymphoma patients. Finally, using lodine-125 bibeled 
preparatioiia of purified Lym-1 and Lym-2, we have determined that both 
reagents have a relatively brve nnmber of antibody Wndiag sites per 
tumor cell and i ac reased avidity for lym^Mana cells when compared to 
■onanl and reactive lymph aode B-cells. Because of the B<eU specificity 
of these reagents, their increased avidity for lymphwna cells, and their 
chemical stability after radiolabeling procedares, Lym-l and Lyni-2 
appear to be promishig reagents for the immnaodiagnosis and therapy of 
the] 



INTRODUCnON 

Monoclonal antibodies to human B-cell antigens have been 
developed by a number of laboratories in the last several years. 
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The majority of these reagents identify B-cell lineage-specific 
difTerentiation antigens such as CB2 (1); BLl, BL2, and BL3 
(2, 3); BL7 (4); L22, L23, and L24 (5); HLB-1 (6); H-76 (7); 
Bt (8, 9); B2 (10); B4 (11); B5 (12); 4G7 (13); BAl (14); HB-4 
(15); anti-Y 29/55 (16); B532 (17); OKBl, OKB2. OKB4, and 
OKB7 (18); 41H,16 (19); and FMC7 (20). Others appear to be 
directed against lymphoma-specinc antigens such as LM^26 
and LM- 1 55 (2 1 ), against Burkitt's lymphoma cells, or Epstcin- 
Barr virus-transformed cell lines such as BB-1 (22) and BLA 
(23« 24) or against blast-associated antigens such as B-LAST-1 
(25) and BLAST-2 (26), In addition, our laboratory has re- 
ported on three monoclonal antibodies, designated LN-1, LN- 
2, and LN-3 which are directed against B-cell antigens, but 
unlike similar reagents, retain their reactivity in B5-fixedf par- 
afTin-embedded tissues and are therefore useful reagents for the 
immunodiagnosis of human lymphomas (27-29), 

Most of these B-cell reagents have been shown by immuno- 
peroxidase techniques to stain normal B-cells of reactive lymph- 
oid tissues as well as lymphomas of B-cell derivation. Compar- 
ison studies by Hofman tt al. (30), LeBien et al. (31), Marder 
et al. (28), Knowles et al. (32), and Gobbi et al. (33) have cleariy 
shown that these monoclonal antibodies identiiy different an- 
tigens that are expressed on topographically distinct subsets of 
B-cells in human lymphoid tissues. Although originally thought 
to be B-cell specific, many of these reagents have now been 
shown to have reactivities in nonlymphoid tissues attributable 
to the presence of similar, if not identical, epitopes in related 
or different molecules (34). Furthermore, a thorough analysis 
of these monoclonal antibodies to determine their clinical utility 
has not been performed to date. Evaluation of these reagents 
with respect to their binding reactivity with a wide spectrum of 
human tumor cell lines and biopsy specimens, avidity constants 
and antibody binding site number, presence or absence of 
antigenic moduUition and antigen shedding, antibody stability 
after purification and chemical conjugation procedures* and 
biodistribution in tumor-bearing hosts are required to identify 
those monoclonal antibodies destined for clinical trial. Despite 
the large number of anti-B-cell monoclonal antibodies described 
thus far, a single monoclonal antibody with immunotherapeutic 
potential has not been ittentified. 

in this report, we describe the development and characteri- 
zation of two new B-cell speciflc monoclonal antibodies, des- 
ignated Lym-1 and Lym-2« which after careful analysis, appear 
to have the necessary properties to be successful in nvc immu- 
nodiagnostic and immunotherapeutic reagents. Other related 
studies describing the biodistribution of Lym-1 and Lym-2 in 
tumor-bearing nude mice and volunteer lymphoma patients, 
the enhancement of NNf spin echo imaging of tumors in 
animal hosts, and the results of clinical trials involving the 
immunotherapy and radioimmunotherapy of end-stage lym- 



' The abbrevtettons used are: NMR, nudear magnetic 
phatc butfinied saline; cpm, counts per minute; BSA, hoviac 



;PBS, 
alboinin. 
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phoma patients are being completed and will be presented 
elsewhere. 

MATERIALS AND METHODS 

OnUnesiodTbsiMs 

A complete list of the cell lines used in these experiments is shown 
in Tables 1-3. Tumor cell lines designated with the SW prefix were 
obtained from Dr. WUliam B. McCombs, III, at the Scott and White 
Memorial Hospital and Scott, Sherwood, and Brinkley Foondation, 
Temple, TX. All of the cell lines were grown in RPMI 1640 medium 
containing 15% fetal calf serum, penicillin G (100 U/ml), and strepto- 
mycin sulfate (100 mg/mi). The cell lines were cultured in a well- 
humidiricd S% CQi Incubator and were routinely passaged twice 
weekly. 

For the immunobistochemical and flow cytometric studies, human 
tissues were obtained from biopsies performed on patients for diagnos^ 
tic procedures at Northwestern University Memorial Hospital, (Chi- 
cago, IL, and Los Angeles County-University of Southern California 
Medical Center, CA. Tissues for the frozen section studies were im- 
mediately snap frozen in Ii<tutd nitrogen and stored at -70*C until 
sectioning. Tissues for parafHn embedding were fixed in 10% bufTered 
formalin or B5 formalin by using standard procedures. Tissues far flow 
cytometry were obtained either from normal volunteers for the periph- 
eral blood experiments or from lymphoma patients undeigoing diag- 
nostic procedures. 

Geoention and Characterization of HyMdoMa Clones 

The methods for sntigen preptratioot immunization, cell fusion and 
doning, and serological characterization of monoclonal antibody iso- 
types have been previously described in detail (27). 

iHHWoflnoiescence Technlqnes 

Live cell indirect immunofluorcsoenoe techniques used in these ex- 
perimenu have been described previously (27). 

Immnnoperoxidase Staining Methods 

Frozen and paraffin sections were prepared for immunoperoxidasc 
staining procedures as described previously (27). For these experiments, 
a 1/2 dilution of Lym-l and Lym-2 supematants were used. 

Flow Cytometric Studies 

Lym-l and Lym-2 were studied for their binding reactivity to human 
peripheral blood and malignant lymph node mononuclear celli by flow 
cytometric techniques. Lym-l and Lym-2 binding to peripheral blood 
lymphocytes was assessed using indirect immunofluorescence staining 
with Inotinytated anti-mouse IgG followed by phycoerythrin^oi^ugated 
avidin staining. Identification of B- and T-lymphocytes was performed 
using iluoresoein isothiocyanate-ooidugated Bl and OKTIl (Ortho) 
monoclonal antibodies, respectively, after completion of the phycoery- 
thrin indirect labeling procedures with Lym-l and Lym-2. This allowed 
the simultaneous assessment of Lym-l and Lym-2 staining with anti-B 
(Bl) or anti-T (OKTl 1) reagents with known reactivity (8* 35)« The 
results were obtained using dual color flow cytometric techniques with 
a 525-nm band pass filter for the green photomultiplier mbe and a 590- 
nm long pass filter for the red photomultiplier tube. Monocytes were 
assessed using phycoeiythrin-copjugated Leu M3 (Becton IKcldnaon) 
(36) to establish the number of mcmocytes in the lymphocyte gale as 
well as the location of the monocyte popubtioo on forward angle and 
Iog90* light scatter modes. Lym-l and Lym-2 lunding reactivity was 
determined on both the monocyte and lymphocyte gates mdependently. 

Malignant lymph nodes obtained at the time of surgery from 22 
adult patients were prepared into single cell suspensions by passing the 
gently minced tissue through a stainless steel mesh screen* After FiooU- 
Hypaque gradient oentHfugation separationt the cells were stained by 
live cell indirect immunofhioreaoence techniques as previously de^ 



scribed (37). The cells were analyzed cytofluorometrically by using an 
EPICS C (Coulter Cnp^ Hialeah, FL) flow cytomeler. 

FMficalkM of Lym-l and Lym-2 for lodfaiation Prooedara 

For the radioimmnnoassay studies described below, it was necessary 
to obtain microgram quantitiesof both Lym-l and Lym-2. Since highly 
purified reagent was necessary for the iodination procedures, it was 
decided to use tissue culture supernatant instead of ascites fluid as the 
source of Lym-l and Lym-2. For Lym-l, Protein A-Sepbarose affmity 
chromatograi^y was the method of choice since Protein A has been 
shown to bind well to mouse IgGi. (3S). Consequently, 1 liter of filtered 
spent supernatant was mixed continuously overnight at 4*C with 1 g of 
preswoUen Protein A-Sepharose CL^B (Pharmacia, Inc., Piscataway, 
NJ)« The beads were then washed extensively with phosphate buffered 
saline (8.0 g NaCU 0.2 g KCI, 1.15 g Na3HP04, 0.2 g KH3PO4, 0.1 g 
Caa]-2HA and OA g MgGi 6H20/liter of distilled water) oen- 
trifugation and aspiration to remove unbound material. After next 
placing the beads into a small column, the Lym-l antibody was eluted 
into l-ml fractions with 0.05 m sodhim acetate and 0.15 m NaCl, pH 
4.3. Fractioas containing eluted antibody were determined by optical 
density at 280 nm. Afiter pooling the fractions containing antibody* the 
preparation was dialyzed overnight against a XIOOO volume of PBS' at 
4X. The antibody was then sterile filtered and stored m aliquou (I 
mg/ml) at 4*C. 

The IgGi Lym-2 monoclonal antibody was purified from 1 liter of 
filtered spent supernatant batchwise as described above but with 1 g of 
AfH-gel Protein A and MAPS buffen as described by Btoradt Inc. After 
elutioo, the Lym-2 monoclonal antibody was dialyzed overnight at 4*C 
against a xlOOO volume of PBS, sterile filteredt and stored in aliquot! 
(1 mg/ml) at 4'C. 

The purity of the Lym-l and Lym-2 preparations was checked by 
10% polyacrybmide gd electrophoresis and by OuchterkHiy immuno- 
difluuon uung immunoglobulin heavy chain qwcific antisera (Miles* 
Elkhart, IN). Protein concentrations of the purified preparations were 
determined by optical density at 280 nm and fay the Biorad Protein 
Assay Kit (Btorad). 

Radlohnmunoassay Methods 

Live (jell RadloiauHMoassay. Human malignant lymphoma, leuke- 
mia, and solid tumor cell lines were assessed for L3in-I and Lyni-2 
binding using a live cell radioimmunoassay method. Briefly, suspension 
cultures and solid tumor oell lines which were dislodged from their 
flasks with EDTA-trypsin (Grand Island Biological Co^ Grand Island, 
NYX were washed twice in cold buffer consisting of PBS, bovine serum 
albumin (1 mg/tnl, radioimmunoassay grade; Sigma Chemical Co,« St 
Louis, MO), and 0.02% sodium azide* Celb (5 x 10*) resuspended in 
100 >J of wash buffer were pipeted into microtiter wells (Immulon 
Removawell Strips; Dynatecfa Laboratories, Inc., Alexandria, VA). The 
microtiter pbites were pretrcated the previous night with bovine lerum 
albumin (10 mg/ml) in PBS with azide in order to {»event the antibody 
solutions from binding to the wells* Hybridoma supmatant (100 mO 
was added to each well, and the plates were incubated for 30 min at 
room temperature with continuous mixing using a microshaker appa- 
ratus (Dynatech) set at low speed. After incubation^ the cells were 
washed 4 times with cold wash buffer by spinning the plates at 1,000 
rpm for 5 min, aspirating the supernatants with a 12-tip micromatic 
manifold (Popper and Sons, Inc., New Hyde Park^ NY), and resus- 
pending the cells in 200 mI of wash buffer using a Titcrtek Multichannel 
pipet (Flow Laboratories, Inc., McLean, VA) and the microshaker 
apparatus. Afiter completion of the washes, 100,000 cpm of [*^I]goat 
anti-mouse serum (Amersham Corp., Arlington Heights, IL) in a vol- 
ume of 100 fil, were added to each weU for an additional 30-min 
incubation period with continuous shaking. Finally* the cells were 
washed 4 times as above and the wells were counted in a gamma counter 
at 1-min intervals. All data were expressed as the mean cpm of trii^icate 
samples minus that of the NS^l supernatant control wells. For each 
test, the standard deviation of the triplicate cpm was calculated and, if 
found to be greater than 10% of the mean cpm, the assay was repeated. 

DeCcctfaMirfShedAHtiBen. The presence ofshed antigen was detected 
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using a sensitive sandwich solid-phase radioiininiuioassay developed in 
our laboratory. Purified Lym-1 or Lyni-2 at a concentration of 1 mg/ 
ml in PBS was added to flat-well Immulon plates using a 50-^1 volume 
per welL After a 1-h incubation at room temperature, the wells were 
washed once to remove unbound antibody. All wishes were performed 
with 200 ^1 of BSA (1 mg/ml) in PBS containing 0.02% sodhim azide. 
The wells were then blocked for 30 min with BSA (10 mg/ml) in PBS, 
washed twice, and incubated with 50 jd of either target cell membrane 
preparations, target cell supernatant concentrated x25 in BIS Minioon 
Conoentraton (Amicon Corp., Danvers, MA), or serum samples from 
lymphoma patients. The target cell lines used were Raj^ for Lym-1, 
ARH-77 for Lym-2, and GEM T-acute lymphoblastic leukemia as the 
negative controL After a 1-h incubation at room temperature, the wells 
were washed 3 times and 100,000 cpm/well of [^"l)sheep anti-mouse 
reagent were added to each well in a volume of 50 id/wclL After a final 
1-h incubation period at room temperature, the wells were washed S 
times aod counted in a gamma counter. 

Antigenic Modulation. One million R^i cells (for Lym-1) or ARH- 
77 cells (for Lym-2) were incubated at time 0 with 100 ^1 of increasing 
concentrations of purified unlabeled Lym-1 or l!ym-2 for 30 min at 
room temperature with continuous mixing. After removing unbound 
antibody by ccntrifugation, the cells were incubated for 24 and 4S h in 
complete RPMl 1640 medium at 37*C in a 5% COi hunudified incu- 
bator at which time 100 ^ of 10* cpm of or ['^]Lym-2 
were incubated with the cells for 30 min at room temperature with 
continuous mixing. After three washes, to remove unbound reagent, 
the cells were counted in a gamma counter. Iodine-125-labeled Lym-1 
and Lym-2 monoclonal antibodies were prepared by a modified chlor- 
amine-T method as described below. 

QnantltitkM <tf Antibody Avidity a^ BImI^ Site Nniber 

In order to determine the avidity constant and binding site number 
of Lym-1 and Lym-2, a live cell radioimmunoassay was perfonned 
using directly labeled antibody preparations. The binding constants and 
number of antibody binding sites were determined by the methods and 
equations described by Frankel and Gerhard (39). Purified Lym-I and 
Lym-2 were radioiodiiuted using a modified chloramine-T method 
(40). Briefly, 50-100 >ig of antibody in 50-100 /il was added to 400 ^ 
of iodine- 125 (4 ^1) (New England Nuclear Research Products, Boston, 
MA) in a test tube. Chloramine-T was then added to the mixture and 
the reaction vessel was covered and incubated at room temperature for 
90 s with constant shaking. The ratios of chloramine-T:Lyin-l and 
chk>ramine'T:Lym-2 were 1:4.0 and 1:4.6 (w:w), respectively. At the 
end of the incubation, the reaction was terminated by adding sodium 
metabisulfate at a 2:1 molar ratio to chloramine-T. The iodinated 
antibody was then separated from free iodine by statidard methods 
using gel filtration. Fractions of labeled product were stored at 4'C 
until use. The protein coooentratioo of the radiolahcted antibodies were 
determined by the BioRad Protein Assay using bovine serum albumin 
as the standard. Immunoreactivity defined as the percentage of labeled 
antibody still capable of binding to the target ceil lines was assessed by 
live cell radioimmunoassay described above. 

For the binding constant experiments, the concentration of antibody 
was varied by dilution with PBS. Each experimental variaMe was run 
in triplicate. Washed target cell suspensions containing 5 x 10* cells 
were added to each well of a 96-wcU Immulon microtiter plate which 
was previottsly blocked overnight with BSA (10 mg/ml) in PBS. The 
cells were mcubated with 200 ftl of PBS containmg 0.5-500 ng of 
radiolabeled Lym-1 or Lym-2 for 1 h at room temperature with constant 
shaking. Cells were then washed x3 with PBS containing bovine serum 
albumin (1 mg/ml) to remove unbound antibody and counted in a 
gamma counter. The amount of bound antibody was then determined 
by the radioactivity (cpm) in each well and the spedfic activity (cpm/ 
ng) of the radiolabeled monoclonal antibody. For comparative pur- 
poses, parallel experiments using freshly prepared tonsil lymphocytes 
were also performed. The tonsil mononuclear cell preparation was 
prepared in the same manner as the malignant lymph nodes described 
above. 

Live Cell Competitioa Studies. Competitive live cell radioimmunoas- 
say procedures were performed with Lym-1 and anti-Dr and anti-Ds 



monoclonal antibodies (Mallinckrodt, Inc., St Louis, MO) in order to 
determine the relationship of Lym-1 to HLA class Il-related antigens 
expressed on human lymphoma cells. For these studies, 10* R^'i cells 
per tube wne washed twice with BSA (1 mg/ml) in PBS containing 
0.02% sodium azide. The cells were then incubated tt 4*C with 200 ^1/ 
tube of serial dilutions of antir-Dr and -Ds monoclonal antibodies for 
30 min with constant mixing. After incubation, the cells were washed 
twice and 100,000 cpm/tube of I'"I]Lym-l in a volume of 100 /il/tube 
were added for an additional 30-min incubation period. The cells were 
thai washed twice and counted in a gamnu counter.- 

Immunopredpttation and immnnoblot Studies 

Riyi cells and ARH-77 myeloma cells were used in immuw^Kcdpi- 
tation and immunoblot studies as iM-eviously described (27, 41) in order 
to identify the molecular weight of the antigens recognized by Lym-1 
and Lym-2. 

RESULTS 

Generation of Moaockmnl Antibodies Lym-l and Lym-I* Hy- 
bridoma clone Lym-1 was produced by the fusion of mouse 
myeloma NS-1 cells and BALB/c splenocytes obtained from a 
mouse hyperimmunized with nuclei from Raji Burkitt's lym- 
phoma cells. Isotypic analysis revealed that monoclonal anti- 
body Lym-1 is of the IgGi. heavy chain subclass* Hybridoma 
clone Lym*2 was produced as above from a mouse hyperim- 
munized with chronic lymphocytic leukemia cell nuclei. Iso- 
typic analysis of supernatant revealed that Lym-2 is of the IgGj 
heavy chain subclass. Both monoclonal antibodies wm initially 
identified by indirect immunofluorescence techniques with the 
use of paraformaldehyde-acetone-fixed cell preparations where 
they gave a speckled memtvane (Lym-1) or membrane ring 
(Lym-2) pattern of staining* Both Lym-1 and Lym-2 have been 
subcloned on agar plates and have retained their ability to 
secrete antibody (2-10 i<g/ml) in a stable manner for more than 
2 yr. Both hybridomas have been adapted to grow exponentially 
in serum-free medium (Nutraclonc-M; Techniclone Interna- 
tional, Inc*, Santa Ana, CA) with the same (Lym-1) or slightly 
slower (Lym-2) growth rates as cultures grown in 10% fetal calf 
serum facilitating their use in fermentation or hollow fiber 
culture equipment 

Binding Reactivity of Lym-1 and Lyni-2 with Established 
Human Neoph»tic CcU Lines by Live Cell Radioimmnnoasaay. 
The binding reactivities of monoclonal antibodies with estab- 
lished human malignant lymphoma, leukemia, and solid tumor 
cell lines are shown in Tables 1, 2, and 3, respectively* For 
these studies, a live cell radioimmunoassay method was used in 
order to directly assess the cell surface Wnding reactivity of 
these monoclonal antibodies with a wide spectrum of tumor 
cell lines. Both monoclonal antibodies appear unrestricted in 
their reactivity to human lymphomas and leukemias of B-oell 
origin. 

Immuoperoxidase Staining Reactivity of Lym^l and LynH2 
whh Homan Lymphoid and Noo-Lymphoid TissMS* In order to 

assess the binding reactivity of Lym-1 and Lym-2 with normal 
human tissues, frozen sections of lymphoid and nonlymphoid 
organs from surgical biopsy material were stained with Lym-I 
and Lym-2 supematants by the avidin-biotin tmmunoperoxi- 
dase technique. As shown in TaUe 4 and in Fig. 1, both 
monoclonal antibodies reacted ¥dth the cell membrane of B- 
lymphocytes in human lymph node sections. Lym-1 showed a 
speckled membrane pattern and reacted principally with ger- 
minal center and mantle zone B-cells and interdigitating histio- 
cytes scattered in the T-cell zones. Lym-2 gave a membrane 
ring pattern of staining and was positive on both germinal 
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Table 1 Rtaetinty cf Lym-l and Lym-2 with hunuui maligtiMt tymphoma ctU 
imes by live etU radioimmMnoiusay 



Tabic 2 Rtcethity cf Lym-l and Lym-l with humati kukemia and 
lymphoNaswid cell times fylheuiindioimmuttoauay 



Geo line 



Lym-l 



LyB-2 



Buitkt'ft lymphomi 

EB3 

DG-7S 

NK'9 

Al^l 

Daudi 

NU-AmB-I 

SU-AmB-l 

SU-AmB-2 

RAMOS 

CbevaJIkr 

B4«M 

B35M 

DND-39 

U-698-M 

HRIK 

Lvse cell lymphonu 
SUDHL-l 
SU-DHL-2 
SU-DHL4 
SU-DHL^5 
SU-DHL^ 
SU-DHL-7 
SU-DHL-8 
SU-DHL-9 
SU-DHL-IO 
SU-DHL-16 
NU-DHI^l 
U-937 

UndilTereBtuted lymphoma 
NU-DUl^l 



+ 



+ 



+ 
+ 



+ 
+ 



' <2,000 cpm; 2,000^000 q)m; -H-. 6«000-10,000 qun; -H-^n 10,000- 
15,000 cpm; >15^ cpm. 



center and mantle zone B-Iymphocytes. T-lymphocytes^ sinus 
histiocytes, and endothelial cells of reactive lymph nodes and 
tonsils were not stained by both Lym-l and Lym-2. In the 
thymus^ Lym-l was found to react with medullary dendritic 
cells, and in the ^leen, twth reagents stained B-cells of the 
white pulp« In multiple samples of normal bone marrow, both 
Lym-l and Lym-2 were negative with myeloid, erythroid, and 
megakaryocyte precursor and mature celU* 

As shown in Table 5, both Lym-l and Lym-2 did not dem- 
onstrate significant binding reactivity with a large panel of 
normal human tissues obtained at Uopsy* On some but not all 
specimens of human colon, Lym-l did show weak stainuig 
reactivity with the epithelium of the luminal surface. Lym-l 
was also positive with macrophages in the skin. Lym-2 was 
found completely unreactive with all tissues tested to date. 

Staining Reactivfty of Lym-l and Lyni-2 with Human Malig- 
nant Lymphoma and Leukemia Biopsy Specimens. As shown in 
Table 6, Lym-l and Lym-2 were reacted with frozen sections 
from 36 lymphomas obtained at biopsy. Immunoperoxidase 
staining with Lym-l and Lym-2 demonstrated significant and 
strong positivity with the miyority of B-tymphomas* The T-cell 
lymphomas were unreactive with both antibodies even though 
they both were positive for the HLA-Dr antigen (data not 
shown), Lym-l showed greater positivity with the large cell 
lymphomas and less reactivity with the small lymphocytic lym- 
phomas while Lym-2 was found to react equally well with all 
types of B-lymphomas. An example of the immunoperoxidase 
staining reactivities of Lym-l and Lym-2 on lymphoma tissue 
is presented in Fig. 2. As shown, this intermediate-grade lym- 
phoma biopsy specimen had stronger reactivity with Lym-2 
than Lym-l. 

Lyro-1 and Lym-2 were also reacted with 15 cases of chronic 
lymphocytic leukemia. As shown in Table 6, Lym-l had a 40% 



Cell line 



Lym-1 



Lym-2 



Acalc lymphoUaatic kukemia 
T<e]l 
MOLT^ 
CEM 
HSB-2 
HPB-ALL 
JM 

Null cell 
REH 

NALL-I 

KM-3 

L92-22I 

Pre-Bodi 

NALM-I (firomCML) 
NALM-6 
BALM-2 
BALM-S 

Bccll 
BALl^l 

Myctoid leukemia 
HL-60 (promyeloGytic) 
MI^2 (myeloid) 
KG-1 (myeloid) 
TPH- 1-0 (monocytic) 
K562 (erythroid CML) 
HEL 92.1.7 (efytkroid) 



U-266 

ARH-77 

HSSuku 



BI^I 
NU-LB-I 
NU-LB-2 
ERlC-LB-2 

ERic-Ln^a 



+++ 
+ 



+ 

++++ 
++ 



' <2,000 dHn; 2,000-6.000 cpm; 6,000-10^ cpm; 10,000- 

1 5,000 cpm; MM , >1 5,000 cpm. 

reactivity with B-cell cases and no reactivity with all five T-cell 
chronic lymphocytic leukemias. Lym-2 showed an 80% reactiv- 
ity with BK?ell cases and likewise was unreactive with T-ccU 
leukemias. These results indicate that both Lym-l and Lym-2 
are reactive with the majority of B-celi lymphomas and leuke- 
mias and are restricted in their binding to B-ccU derived tumors* 
Flow cytometric Analysis of Lym-l and Lym-2 Reactivity with 
Peripheral Blood Cells and Malignant Lymph Node Biopsy 
Specimens. In order to assess in a quantitative manner the type 
and percentage of Lym-l and Lym-2 positive cells in normal 
peripheral blood mononuclear cells, flow cytometric studies 
were performed. In all cases studied, Lym-l and Lym-2 were 
found unreactive with T^lls, Leu M3 positive monocytes, 
granulocytes, red blood cells, and platelets. B-lymphocytes, 
however, were found reactive with both Lym-l and Lym-2 as 
demonstrated in Fig. 3 where dual labeling studies with the 
pan-B monoclonal antibody Bl showed simultaneous Bl and 
Lym-l (Fig. 3C) and Bl and Lym<2 (Fig. 3/0 reactivity. Quan- 
titation of these results shows that for Lym-l, 90% of Bl^ cells 
are Lym-l* while 1096 of Bl* cells arc Lym-l". For Lym-2, 
86% of Bl* cells are Lym-2* while 14% of Bl* cells are Lym- 
2". Conversely, 10% of Bl" cells are Lym-l* and 1% of Bl" 
cells are Lym-2*. These results indicate that roughly 8% of 
circulating B-lymphocytes found in normal peripheral blood 
samples are both Lym-l and Lym-2 positive. The reactivities 
of monoclonal antibodies Bl, Lym-l, and Lym-2, however, do 
show some differences indicating that small subpopulations of 
B^ells have varying reactivities with these B^ll reagents. As 
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TableJ itMhityqfLymhi^LymrlwithSSkfmmttoiidmmorttiiiiMaby 
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TaUe 4 Reaetivi^ ^ Lym-l md Lym-l with fympkoU md MematopokHe Ctoes 



Organ 



Lym-l 



Lym-2 



Lymph node 
Gcrminat center 
Mantle Eoiw 

T-cdl zones 

Intcrdigitatinft histiocytes 
Sinus histiocytes 



Thymus 
Cortex 
Medulla 

Spleen 
White ptilp 
Red pulp 

Bone marrow 
Myeloid 
Erythroid 
Megakaiyocytcs 



+-f Dendritic cells 



++»«tlli 



* Intensity of immunoperoxidaie staining ranging from - to -f ++. 

shown in Table 7, flow cytometric analysis of 22 consecutive 
malignant lymphoma biopsy specimens revealed that Lym-l 
and Lym-2 stained the majority of BK:ell cases. OKTl 1 positive 
T-cell lymphomas (cases 7 and 16) were negative with both 
reagents. Lym-l and Lym-2 showed similar but not identical 
staining reactivity and for individual cases, Lym-2 usually had 
a higher percentage of positive cells. For some of the Hodgkin*s 
disease cases, such as case 22^ there was an unusual overlapping 
of positivity with both Lym-l and Lym-2 and OKTl 1, indicat- 
ing that some T<ell marker positive cells were also cxpfessing 
&<ell antigens. Further Hodgkin's disease cases need to be 





I staining of Lym-l and Lyai-2 a iODOcloiial aatibod^ 
i mantle zone B lymplwqiet la ftona aectkms of 
..4, Lym-l; Lym-2 (X 325). 

TaUeS Reaaipity^I^nm-i Mdi^m-2wiik m/nnaimoiU^ 
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Skin 
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studied in order to determine the significance of these findings. 
In general these data confirm the immunoperoxidase results 
reported above. 

Radioimmunoassay Results of Antigen Shedding and Antigenic 
ModolatioiL The results of the antigen shedding and antigenic 
modulation studies are iH^sented in Tables 8 and 9, respectively. 
These studies demonstrated that the antigw recognized by 
Lym-l on human lymphoma cells is neither shed nor modulated 
after antibody binding. Sensitive solid-phase radioimmunoassay 
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T»blc 6 Reactivity of Lym-l Oitd Lym'2 with kwum malignant fympkoma and 
Uuknnia biopsy specimens 
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Fig. 2. Immunoperoxidtse ttaininf of Lym-l and Lym-2 moBocloiial antibod- 
ies with an intenncdiate gmde iyni|riwma. A, Lym-l; Lym-2 720). 

methods also failed to detect circulating antigen in the serum 
of antigen positive lymphoma patients at the time of diagnosis. 
Although no antigen shedding was observed with Lym-l^ partial 
modulation of the Lym-2 antigen was observed at high antibody 
concentrations (0*01 mg and higher). 

Avidity Constant and Binding Site Number of Lym-l and Lym- 
2 on Target Lymphoma Cell Lines and Reactive Tonsil B Lym- 
phocytes. In Fig. 4, the binding profiles of radiolabeled Lym-l 
and Lym-2 with Raji and ARH-77 tumor cells, respectively, are 
shown. With a large excess of antibody present, the equilibrium 
of the antigen-antibody reaction is expected to be driven in the 
direction of the antigen-antibody complex. Therefore, it is 



assumed that each determinant of antigen on the cell surface 
has bound with antibody at saturation. By this assumption, the 
number of binding sites per cell can be calculated by Equation 
A: 



(ngof Ab)x 10* xN 



Molecular weight of Ab x number of cells 



(A) 



where N is Av(^adro*s Number and ''ng of Ab" is the amount 
of antibody bound to the cell at saturation. The latter value was 
calculated from the cpm per well obtained by radioimmunoas- 
say and the specific activity (cpm/ng) of the radiolabeled mono- 
clonal antibody. Based upon these experiments, the number of 
binding sites per R^i Burkitt's lymphoma cell with Lym-l was 
found to be 1.1 x 10*, while the number of binding sites per 
ARH-77 cell with Lym-2 was 2.0 X 10*, 

As shown in Figs. 5 and 6, a Scatchard plot analysis of the 
radioimmunoassay data for Lym-l and Lym-2 using Rsyi and 
ARH-77 cells, respectively, was used to obtain linear regression 
curves in order to calculate the slope. From the slope, the 
equilibrium or avidity constant K was calculated by the equa- 
tion, K -= -(slope/n). 

In Table 10 the avidity constants for Lym-l and Lym-2 on 
target tumor cells lines and reactive tonsil lymphocytes are 
shown« A greater than 4-fold difference in K value for Lym-l 
and approximately a 2-fold difference in K value for Lym-2 was 
obtained when tumor cell and tonsil lymphocytes were com- 
pared. These data indicate that both monoclonal antibodies 
have an increased avidity of binding for lymphoma cells as 
compared to normal B-lymphocytes. 

Immnnobiocbeinica] Characterization of Lym-l and Lyni-2 
Antigens* Immunoblot methods using denatured protein prep- 
arations failed to identify the molecular weight of the antigens 
recognized by Lym-l and Lym-2. Immunoprecipitation tech- 
niques with metabolically labeled protein lysates did, however^ 
identify the antigen reoc^gnized by Lym-l as shown in Fig. 7. 
Using Raji cells as the source of radiolabeled proteins, 4 poly- 
peptide bands with molecular weights of 31,000, 32,000, 
34,000, and 35,000 were immunoprecipitated in a consistent 
manner by Lym-l supernatant Since this protein was so similar 
in molecular weight to the HLA-Dr antigen, side-by-side im- 
munoprecipitation studies with Lym-l and the anti-HLA-Dr 
monoclonal antibody SC2 (gift of Dr. Robert Fox, Scripps 
Clinic and Research Foundation) were performed. In Fig. 7, 
these immunoprecipitation results are shown with R^i cell 
lysates. The immunoprecipitation pattern obtained with Lym- 
1 was quite similar to that obtained with SC2 but differed in 
two respects. First, all of the bands identified in the SC2 
immunoprecipitate are not seen in the Lym-l immunoprecipi- 
tate indicating that Lym-l only recognizes part of the HLA-Dr 
antigen or recognizes a polymorphic variant of the molecule. 
Second, a 3-week exposure for Lym-l compared to a 10-day 
exposure for SC2 was required for the autoradiographs to be 
adequately visualized. These results may indicate that Lym-l is 
seeing only a less abundant variant of the HLA-Dr molecule. 
To further test the relationship of Lym-l to the HLA-Dr 
antigen, competition studies with Lym-l and monoclonal anti- 
HLA-Dr and -Ds reagents were performed. As shown in Table 
11, the anti-HLA-Ds monoclonal antibody was not aMe to 
Uock Lym-l binding but the anti-HLA-Dr reagent successfully 
Mocked Lym-l binding to Rtyi cells even at low concentrations. 
These results conflnn the immunoprecipitation results and 
suggest that Lym-l is recognizing the HLA-Dr antigen or a 
closely related variant of this molecule. 
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Table? flcm cytometric amfysis cf maiigMOMi fympkpma Nopty and lymphocyte markers 
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Lym-l 


Lym-2 


High in 


ide lympboi 


mm 


















1 


F 


41 


Small Doodeaved, diffuse 


L iogumal LI^ 


3 


5 


1 


0 


26 


43 


2 


M 


60 


Small DoiKkaved, diffuse 


RccrvicaILN 


11 


46 


2 


65 


36 


37 


3 


F 


86 


Small Doodeaved, diffuse 


Chest wail 


26 


67 


36 


0 


2 


0 


4 


M 


47 


Small ttondcaved, diffuse 


RingDinaiLN 


6 


96 


1 


96 


20 


28 


5 


F 


54 




L Submental LN 


62 


12 


8 


3 


38 


30 


6 


M 


50 




R axillary LN 


55 


82 


18 


18 


80 


70 


7 


F 


89 




L subclavian LN 


96 


25 


21 


1 


12 


17 


Intennediate gr«de lympbomas 


















8 


F 


73 


Follicular, large cell 


L axUlary LN 


IS 


87 


87 


7 


57 


84 


9 


F 


31 


Small cleaved, dilTiise 
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8 


95 


7 


85 


51 


75 


10 


M 


87 


Large cell« dififiise 


R inguinal LN 


14 


23 


9 


1 


86 


61 


Low gnufe lympbomtt 


















11 


F 


69 
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LinguiiulLN 


16 


38 


2 


34 


76 


80 


12 


M 


S3 


Follicular, small deavcd 


Small bowel 


22 


83 


81 


2 


78 


83 


13 


F 


56 


Follicular, small cleaved 


L inguinal LN 


26 


100 


79 
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85 


90 


14 


F 


39 
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L inguinal LN 


4 


88 
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30 


59 


15 
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76 


PoUknlar, mixed 
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23 


47 
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L inguinal LN 


61 


10 
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8 


31 
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55 


Small lymphocytic (CLL) 
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32 


77 
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38 
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64 


69 
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19 


F 


15 
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RcervicalLN 


81 


20 


17 


8 


7 


24 


20 


F 


18 


NSHD 


L inguinal LN 


94 


6 


4 


2 


7 


9 


21 


M 


66 


NSHD 


L cervical LN 


59 


31 


20 


10 


21 


37 


22 


M 


3S 


HD/mixed oellularity 


RoervicaILN 


97 


3 


1 


1 


48 


49 



* LN, lyinph node; HD. Hodgkio*s diseaac; NSHD, nodular sclerosis Hodgkin*s discasr. HD/LH: Hod^*i disease, lyrapbocytic-histiocytie type; L« left; R« right 
CLL, chronic lymphocytic leukemia. 



Immunoprecipitalioii studies with Lym-2 using ARH-77 ra- 
diolabeled lysatcs have to date yielded negative results. Addi- 
tional experiments to identify the antigen recognized by Lym« 
2 are being conducted. 

DISCUSSION 

Two new monoclonal antibodies, Lym-1 and Lym-2, specific 
to normal and malignant human B^lls have been produced. 
The salient features of these antibodies are summarized in Table 
12. Both monoclonal antibodies were developed from mice 
hyperimmunized with tumor cell nuclei as part of other exper- 
iments. Although these experiments were directed at producing 
reagents specific for nuclear constituents, we identified a hand- 
ful of monoclonal antibodies with high avidity for the cell 
surface, which we assume recognized small renmants of celt 



TaUcS Detection of shed aittigen by radioimmunoosaay 







[*»I)Lym-l 


[»>»IlLy».2 


Antigen source 


RadioimmuiioaaBay 


(cpm) 


(cpm) 


Target cells (1 x 10*) 


Live cell 


51482 


40.105 


CEMoelb(lx 10*) 


LiveceU 


214 


456 


Target fncmbraiMi 


S<M pliase, direct 


6,060 


2,418 


Target membranes 


Solid phase, isdicect 


19.274 


5430 


Target cell siipcnataiit* 
Lymphoma patient sm 


Solid phase, indiitct 


619 
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0.05 mg 
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33,475 


7,515 


10,237 
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40,169 


11,008 
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O^OOSmg 


31,636 


43,463 


14,240 
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46.928 


19,776 


27,U6 
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43,946 


47.600 


33,152 


32,216 
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Fig. 4. Bindnt profiles of ndMabdedLyro-l and LyiiH2reaceiiU 
and ARH-77 oelb. itapecdvcly. 
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Fig. S. Scatcfaaid plot analya* of Lym-1 binding data wilfa l^ji cella. 

membrane materia) in the nuclear preparations. Both Lym-1 
and Lym-2 were such reagents and were initially identified 
using indirect immunofluorescence techniques using paraform- 
aldehyde-acetone fixed cell preparations. In general, both 
monoclonal antibodies are reactive with circulating B lympho- 
cytes and germinal center and mantle zone B-cells in reactive 
lymphoid tissues. Bone marrow and nonlymphoid tissues do 
not appear to be reactive with Lym-1 or Lym-2, with the 
exception of surftce colonic epithelium which reacts weakly 
and variably with Lym-1 (Tables 4 and S). Medullary dendritic 
cells of the thymus are also positive with Lym-1 but not with 
Lym-2* Both monoclonal antibodies react with surface mem- 
brane antigens which, in the case on Lyro-1» has been shown by 
immunoprecipitation studies and competitive radioimmunoas- 
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Fig. 6. Scaldianl plot analysis of Lym-2 binding data witb ARH-77 oelb. 
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MoDodonal 


Tumor cell 




antibody 


line 


Tonsil 


Lym-1 


4,02 X 10^ M-» 


0.88 X 10» 


Lym-2 


2.33 X 10»M-' 


1,23 X 10»M-' 



A B 

-92,500 
-69,000 



46,000 




-30,000 



Fig. 7. Inunttoopieeipitation of (*'S]nicthioninc- and [■^Cpew^nc-labeled Rnii 
proteins bf Lyni-1 (Joneil) and SC-2 anti-HLA-Dr (lane J) Bsonodonal antibod- 
ies. 

say procedures to be related to the HLA-Dr antigen. Standard 
immunoprecipitation and immunoblot methods to identify the 
membrane antigen lecc^ized by Lym-2 have thus far not been 
successful. En2yme studies, however, have shown this antigen 
to be sensitive to proteases (data not shown) and further studies 
to identify its molecular weight are being conducted. 

Lym-1 and Lym-2 are strongly reactive with the m^jority of 
B-oell derived malignancies, as demonstrated by their positive 
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MQ9 
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1,812 




1:1,024 


2,304 




1:2,048 


2,970 




1:4,096 


4,061 



binding to Burkitt^s lymphoma, large cell lymphoma, B-cell 
acute lymphoblastic leukemia, and Epstein-Barr virus-trans^ 
formed lymphoblastoid cell lines (Tables 1 and 2). T-cell acute 
lymphoblastic and myeloid leukemia cell lines as well as a wide 
spectrum of solid tumor cell lines (Table 3) were consistently 
negative by live cell radioimmunoassay procedures. Further 
studies using immunoperoxidase staining of frozen sections 
(Table 6) or immunofluorescence staining of dissociated lym- 
phoma and leukemia biopsies using quantitative flow cytome- 
tric techniques confirmed the B-cell specificity of Lym-1 and 
Lym-2 (Table 7). Although Lym-1 was shown to be related to 
the HLA-Dr antigen^ it did not bind to HLA-Dr-positive T-cell 
lymphomas or to activated endothelial cells and showed differ- 
ent, albeit similar, binding reactivities with lymphoma and 
leukemia cell lines when compared to standard HLA-Dr mono- 
clonal antibody reagents. Because of these data, it is probable 
that Lym-1 recognizes a polymorphic variant of the HLA-Dr 
molecule which confers upon Lym-l greater specificity to nor- 
mal and malignant human B-cells. The binding reactivities of 
Lym-1 and Lym-2 shown in Tables 1 and 2 are significantly 
different for each other and for other published B-cell specific 
monoclonal antibodies, providing preliminary evidence that 



they recognize unique antigens expressed on human B-cells and 
derived malignancies. Direct comparison studies would be re- 
quired to verify this point 

Radioimmunoassay methods using iodine- 125-labeled Lym- 
1 and Lym-2 have demonstrated the presence of relatively high 
numbers of binding sites on target tumor cell lines. These data 
suggest that Lym-1 or Lym-2 conjugated to cytotoxic drugs 
may be effective as an alternative form of therapy since the 
number of binding sites per tumor cell is a critical factor in 
achieving significant drug concentrations at the tumor site (42). 
In addition, both monoclonal antibodies were shown to have 
high avidity bmding constants in excess of IC M~^ Compara- 
tive studies with reactive B-cells from tonsil biopsies showed 
avidity binding constants with 4-fold and 2-fold lower values 
for Lym-1 and Lym-2, respectively, than those obtained with 
lymphoma target cell lines (Table 10), These data» which were 
obtained from measurements made independently of the bind- 
ing site number, indicate that both Lym-1 and Lym-2 bind 
preferentially to lymphoma cells rather than to normal or 
reactive lymph node B-cells. The number of antibody binding 
sites per cell as anticipated was also higher on lymphoma cells 
(data not shown) which are generally larger and more homo- 
geneous in size than reactive tonsil B-celts which range from 
small to large depending on their state of differentiation. 

Sensitive solid-phase radioimmunoassay techniques revealed 
that both Lym-I and Lym-2 recognize membrane antigens 
which are not shed from malignant cells grown in culture nor 
present free in the circulation of lymphoma patients (Table 8). 
Furthermore, the antigens recognized by Lym-1 and Lym-2 
were not found to modulate significantly on the surface of 
target tumor cell lines afler exposure to purified antibody 
preparations (Table 9). 

As summarized in Table 13, Lym-1 and Lym-2 appear to 
have several advantages as immunodiagnostic and immuno- 
therapeutic reagents. The data presented here suggest that these 
monoclonal antibodies would be useful imaging agents after 
conjugation with radioisotopes. As set forth by DeNardo et al. 
(43), cancer-seeking monoclonal antibodies canying radio- 
nuclides can, in theory, be very powerful reagents for the 
radioimaging and radiotherapy of cancer. Optimization of this 
type of therapy requires dynamic modeling of physiological 
parameters which govern radionuclide distribution in the pa- 
tient Certain critical properties of the radiolabeled antibody 
must also be present in order for the target-to-nontarget uptake 
ratio to equate to favorable imaging and therapy. For Lym-1, 
the parameters for radiocoi^ugation with radioactive iodine 
have been identified and experiments with this monoclonal 
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antibody indicate high retention of label and immunoreactivity 
after conjugation procedures (44, 45)« Based upon these studies, 
Lym-l has been used successfully to image lymphoma lesions 
in the nude mouse and in volunteer patients after iodine-123 
conjugation (46). Successful radioimmunotherapy has also been 
achieved in lymphoma-bearing nude mice treated with single 
doses of [^^'I]Lym-l preparations (47). Because of these results, 
radiojmmunotherapeulic trials using ("^I]Lym-l have been ini- 
tiated at the University of California at Davis under the guid- 
ance of Drs. Sally and Gerald DeNardo. Early results from 
these trials suggest that this reagent may be a powerful radioiro- 
munotberapeutic and imaging agent* Clinical trials with unla- 
beled Lym-l and Lym-2 have also been initiated at the Univer- 
sity of Southern California to test the effectiveness and toxicity, 
if any, of these reagents. Finally, Lym-1 has been used to 
enhance NMR spin echo imaging of lymphoma-bearing nude 
mice after conjugation with gadolinium/ All of these studies 
emphasize the possible utility of Lym-1 and Lym*2 for the 
radioimmunodetection and therapy of human lymphomas* Be- 
cause of their B-cell specificity, high binding avidities for human 
lymphomas, and stability after chemical conjugation proce- 
dures, these reagents can play an important rok in delineating 
the necessary parameters for the successful immunodiagnosis 
and immunotherapy of the human malignant lymphomas after 
linkage with radionuclides, NMR-enhancing agents, cytotoxic 
drugs and toxins, or immunologically reactive peptides* 
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Therapeutic efficacy of intravenous immunoglobulin preparations depends on the 
immunoglobulin G dimers: studies in experimental immune thrombocytopenia 

Jessica L. Teeling, Theo Jansen-Hendriks, Taco W. Kuijpers, Masja de Haas, Jan G. J. van de Winkel, C. Erik Hack, and Wim K. Bleeker 



bolus injection, tlie circulating platelet 
count dropped to almost zero within 3 
hours. Pretreatment with cobra venom 
factor did not affect platelet depletion, 
whereas pretreatment with anti-Fc7RII/lll 
mAb 2.4G2 or IVIG greatly reduced plate- 
let clearance. With continuous infusion, 
platelet numbers reached a steady state 
after 4 days, at approximately 25% of 
control. This reduction in platelets was, 
however, not observed in mice deficient 
for the FcR^-chain, lacking Fc^RI, FC7RIII, 
and Fc7RIII~^~ mice. Infusion of a single 
dose of IVIG with a high IgG dimer con- 



tent on the 4th day — ie, mimicking thera- 
peutic administration — resulted in a plate- 
let increase for several days. IVIG 
predominantly consisting of monomeric IgG 
had no effect on platelet numbers. In conclu- 
sion, continuous infusion of MWReg30 in- 
duces thrombocytopenia in mice by enhanc- 
ing Fc7 receptor-mediated clearance of 
platelets. In this model, it is shown that IgG 
dimers present in IVIG preparations are re- 
sponsible for the increase in platelet 
counts. (Blood. 2001;98:1095-1099) 

© 2001 by The American Society of Hematology 



The clinical benefit of intravenous immu- 
noglobulin (IVIG) preparations in the treat- 
ment of immune thrombocytopenic pur- 
pura (ITP) is supposed to be mediated by 
blockade of FC7 receptor-bearing phago- 
cytes. In 2 experimental models for ITP, it 
is shown that the therapeutic efficacy of 
IVIG preparations is related to the IgG 
dimer content present in these prepara- 
tions. A rat monoclonal antibody (mAb; 
IVIWRegSO) directed to the murine platelet- 
specific integrin aiibp3 (gpllb/llla) was ad- 
ministered intraperitoneal ly either as bo- 
lus injection or continuous infusion. With 

Introduction 

Immune thrombocytopenic purpura (ITP) is an autoimmune disor- 
der in which antibody-sensitized platelets are prematurely de- 
stroyed by phagocytic cells in the reticuloendothelial system 
(RES).^ Therapeutic interventions in ITP are often directed toward 
reducing antibody-mediated clearance by either decreasing the 
production of pathogenic platelet autoantibodies or impairing RES 
function. Imbach et aP was the first to report that intravenous 
immunoglobulin (IVIG) preparations were effective in children 
with acute and chronic ITP. Administration of IVIG leads to rapid, 
yet often transient, reversal of thrombocytopenia in most patients 
withITR3 

In the treatment of ITP, there may be multiple mechanisms of 
action of IVIG. It has been proposed that IVIG exerts its function 
though blockade of Fc^ receptors or neutralization of autoantibod- 
ies by idiotype-anti-idiotype interaction. However, clinical obser- 
vations sometimes show prolonged effects of IVIG that cannot be 
explained by the short-term neutralization of pathologic antibodies 
or Fc7 receptor blockade. Therefore, other mechanisms, such as 
modulation of cytokine synthesis or interference with T- and B-cell 
function, have been suggested to explain long-term effects in the 
treatment of ITP by P/IG.^ 

Fc7 receptors play an important role in antibody-dependent 
clearance, and many studies have provided evidence that reversal 
of thrombocytopenia can be induced by (non)specific blockade of 
Fc7 receptors on phagocytes in the RES.^ A predominant role for 
low-affinity FC7 receptors in antibody-mediated thrombocytopenia 
has been shown in animal studies^''^ and mice deficient in Fc7 



receptors^ or transgenic in mice overexpressing human Fc7RIIA.^ 
Treatment of a patient with chronic ITP with a monoclonal 
antibody against FC7RIII was reported to result in impressive, 
albeit transient, increases in platelet counts, supposing that the 
platelets in human ITP are also destroyed by binding to low-affinity 
Fc7 receptors. 

Three different types of murine FC7R exist: a high-affinity 
receptor, FC7RI (CD64), capable of affinity-binding monomeric 
IgG, and 2 low-affinity receptors, FC7RII (CD32) and FC7RIII 
(CD 16), preferentially binding polymeric IgG or immune com- 
plexes. FC7RII is widely distributed on lymphoid and myeloid cells 
and functions as a negative regulator of immunity. FC7RIII is 
restricted to macrophages, neutrophils, natural killer cells, and mast 
cells. Interaction of IgG with FC7RI or FC7RIII leads to cellular 
activation, which requires interaction of these receptors with a 
homodimer of the so-called FcR7-chain. The situation for human 
Fc7 receptors is more complex than the mouse system. Like mice, 
humans express 3 tj^es of FC7 receptors — a high-affinity receptor, 
FC7RI (CD64), and the low-affinity receptors FC7RII (CD32) and 
FC7RIII (CD 16). However, different forms of these low-affinity 
receptors exist — FC7RIIA, which functions as an activating FC7 
receptor, and FC7RIIB, which is a regulatory FC7 receptor that has 
an inhibitory function. In addition, different forms of the FC7RIII 
receptor exist in humans — Fc7RIIIb, which is exclusively ex- 
pressed on neutrophils, and FC7RIIIA, which is expressed on 
natural killer cells and macrophages. An important difference in 
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Fc7 receptor expression between humans and mice is the expres- 
sion of FC7RIIA, which is expressed on human but not on mouse 
platelets. Recently, McKenzie et aP demonstrated an important 
role for this FC7 receptor in the induction of experimental ITP using 
mice overexpressing human FcRIIA. 

rVIG preparations contain variable amounts of monomers and 
dimers and small amounts of aggregated IgG; it is unknown which 
of these fractions constitutes the active component, making standard- 
ization of IVIG preparations for the treatment of ITP tedious. The 
aim of this study was to develop a clinically relevant murine model 
for ITP. The usefuhiess of the experimental model was demon- 
strated by assessing the component in IVIG-mediating therapeutic 
efficacy, which was shown to represent the IgG dimeric fraction. 



Materials and methods 

Animals 

Female C57BL/6 mice of 20- to 25-g body weight were obtained from 
Harlan CPB (Zeist, Netherlands) and kept in our animal facilities. 
FcR7-chain deficient and Fc^RIII-deficient mice, lacking Fc-yRI and 
Fc7Rm^3'^'^ or Fc^Rni'^ alone, respectively, were both used in a C57BL/ 
6 background. 

IVIG immunoglobulin preparations 

Human 7-globulin for IVIG use was obtained firom the CLE (immunoglobu- 
lin IV, 6% wt/vol; Amsterdam, The Netherlands). This is a fireeze-dried 
product prepared from pooled plasma from at least 1000 donors by Cohn 

fractionation followed by pepsin incubation, pH 4. Fresh IVIG was 
immediately frozen after reconstitution and kept at — 80°C until further use. 
To obtain an IVIG preparation with a high IgG dimer content, we 
reconstituted a freeze-dried IVIG preparation and stored it at 4°C (further 
referred to as aged IVIG). A gradual increase in dimer content was observed 
from less than 5% to values greater than 1 0% after 1 week of storage. The 
percentage of IgG dimers remained at this level when analyzed after several 
months or even after 1 year of storage. Monomeric IgG was prepared by gel 
filtration of IVIG on a TSK4000 column. Fractions corresponding to the 
monomeric peak were collected and concentrated to a concentration of 50 
mg/mL using Centriplus concentrators according to the manufacturer's 
instructions (Amicon, Beverly, MA). IVIG preparations used in the 
experiments were analyzed for actual monomer, dimer, and polymer 
contents on a calibrated Superose 1 2 gel filtration column connected to an 
FPLC system (Pharmacia, Uppsala, Sweden). A computer program (Ezchrom 
Cliiomatography Data System, version 6.5) was applied to determine the 
peak areas of chromatograms. 

Reagents 

Cobra venom factor (CoVF) was kindly provided by Dr J. S. Verbeek 
(LUMC, Leiden, Tlie Netherlands). Rat antimouse platelet monoclonal 
antibody (mAb; MWRegSO, IgGl) and rat anti-mouse FC7RII/III mAb 
(2.4G2, IgG2b) were obtained from Pharmingen (San Diego, CA). Fluores- 
cein isothiocyanate-conjugated F(ab)2 firagments of goat anti-rat IgG were 
obtained fi-om Caltag (Burlingame, CA). 

Induction of thrombocytopenia 

Mice were rendered thrombocytopenic by administration of the rat mAb 
MWRegSO, directed to the platelet-specific integrin anbp3 (gpIIb/HIa). In 
an acute model, a bolus of 5 (xg mAb was injected in the peritoneal cavity in 

200 |jlL saline. The effect of IVIG was determined in mice by giving IVIG 
(1 g/kg) or saline intravenously 1 hour before injection of MWRegSO. 
Blood was obtained from the retro-orbital plexus of anesthetized mice using 
heparinized hematocrit tubes (Clinitubes; Radiometer, Copenhagen, Den- 
mark). Blood samples were taken before IVIG or saline treatment (t = 0), 5 
minutes before injection of MWRegSO and 10, 60, and 180 minutes after 
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injection of MWRegSO. For determination of platelet numbers, blood (20 
(jlL) was diluted in isotone and centrifiiged at SOOg for 10 minutes at room 
temperature. Numbers of platelets were counted using an electronic cell 
counter (model 2F and Channelyser model 256; Coulter Electronics, 
Dimstable, United Kingdom). 

To obtain a clinically more relevant model for testing IVIG, MWRegSO was 
continuously infused using an osmotic pump implanted in the peritoneal cavity 
(Alzet micro-osmotic pump, model 1002; Alza, Palo Alto, CA). Pumps with a 
pumping rate of 0.25 jxL/h for a dmation of 14 days were filled with 100 |xL 
mixture containing MWRegSO ( 1 65 [xg/mL), human serum albumiti (1.5 mg/mL 
to prevent absorption of proteins to the device), and an irrelevant mouse mAb 
directed against human CRP to check for the infusion rate. Blood samples were 
taken under anesthesia at t = 0, 4, 5, and 6 days to determine numbers of platelets 
in peripheral blood. At day 4, aged IVIG, monomeric IgG, or saline was given 
intravenously at a dose of 1 g/kg. 

Complement-depleted mice 

Complement-depleted mice were prepared by intraperitoneal injection of 2 
doses of 500 U CoVF in 200 \lL saline at a 6-hour interval. Sera were 
analyzed on sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) to confirm complement depletion. 

Detection of anti-idiotype antibodies directed 
against MWRegSO 

To detect antibodies in the IVIG preparations with affinity to MWRegSO, 
IVIG was added to 96- well microtiter plates (Maxisorb: Nunc, Roskilde, 
Denmark) coated with MWRegSO (0.8 |xg/mL), human serum albumin 
(HSA; 1 (Xg/mL), or buffer. Bound antibodies were detected by an alkaline 
phosphatase-labeled monoclonal antibody to human IgG (clone GG-5; 
Sigma Chemical, St Louis, MO). After the addition of p-nitrophenyl 
phosphatase as substrate, the optical density was measured with Titertek 
Multiscan (Flow Labs, McLean, VA) 

Detection of free circulating MWRegSO in plasma and 
platelet-bound MWReg30 

For the determination of membrane binding of MWRegSO to platelets, 
whole blood from mice with implanted pumps was stained at a final 
concentration of 5 |xg/mL fluorescein isothiocyanate-conjugated F(ab)2 
fragments of goat anti-rat IgG mAb for SO minutes (4°C in the dark) and 
analyzed with a FACScan flow cytometer (Becton Dickinson, San Jose, 
CA). To detect firee circulating MWRegSO in plasma fixjm thrombocytope- 
nic mice, plasma firom mice with implanted pumps was incubated for 1 hoxir 
at room temperature with whole blood firom control mice. Binding of 
MWRegSO to platelets was assessed as described above. 

Statistical analyses 

Results are expressed as mean ± SEM. Statistical analyses were performed 
using Student ^ tests. P < .05 was considered significant. 



Results 

MWReg30 bolus injection model for ITP 

First, we determined the clearance of platelets after intraperitoneal 

injection of a rat mAb directed against mouse platelet-specific integrin 
aiibPs (gpIIb/IIIa; MWRegSO), at a dose of 5 |jLg per mouse. After 
injection, platelet numbers decreased over several hours, reaching 
platelet counts of 1.43 ± 0.49 X lOVmL (n = 5, 22% of control, 
P<.01) at 3 hours (Figure 1). To determine the mechanism of 
antibody-induced thrombocytopenia, mice were pretreated with an mAb 
against FC7RII/III or, altematively, with CoVF to deplete complement. 
Figure 1 shows that in vivo blocking of FC7RII/III by pretreatment with 
the 2.4G2 mAb completely prevented the MWReg30-iQduced clearance 
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Figure 1 . Intraperitoneal Injection antiplatelet mAb. The role of Fey receptors In 
antibody-induced thrombocytopenia after Intraperitoneal Injection of 5 fj^g of antiplate- 
let mAb MWReg30. Time-course of mean platelet counts (± SEM, n = 6) Is shown 
after injection of MWReg30 at t = 0 minute. Mice were pretreated with 2.4G2 (■, 5 

|xg/g intravenously), CoVF(A), or saline (□), before MWRegSO. Baseline platelet 
numbers were 6.37 ±0.32 x lO^/mL blood. Results are expressed as the mean of 3 
experiments ± SEIVI. Asterisl<s indicate statistically significant differences compared 
to saline control (*P < .05; **P < .01 ). 



of platelets, whereas complement depletion did not have an effect. 
Analysis of sera on SDS-PAGE confirmed complement depletion. 
These results indicated the enhanced platelet clearance in this model to 
be mediated by Fc7 receptors. 

Different IVIG preparations were evaluated for their effect on 
platelet clearance in the model. Table 1 shows the actual amounts 
of monomeric, dimeric, and polymeric IgG in the IVIG prepara- 
tions evaluated in the ITP model. To evaluate the effect of these IgG 
preparations in our model, mice were pretreated with either firesh 
IVIG or aged IVIG at a dose of 1 g/kg, 1 hour before injection of 
MWRegSO (Figure 2). With intraperitoneal injection of MWRegSO, 
the drop in platelet counts was significantly smaller in mice 
pretreated with aged IVIG. The final count was 3.88 ± 0.89 X lOV 
mL (60% of baseline, n = 5, P < .05) as measured at 3 hours. 
Significant differences were already observed 1 hour after the 
injection of MWRegSO. In contrast, pretreatment of mice with 
firesh IVIG did not significantly decrease the effect on platelet 
numbers; the final count was 1.69 ± 0.2S X lOVmL (27% of 
baseline, n = 5), suggesting an important role for IgG dimers in the 
therapeutic effect in this model. Administration of aged IVIG in the 
absence of MWRegSO did not result in a change of platelet counts. 

It has been reported that in vivo application of high doses of 
MWRegSO (greater than SO juig intravenously) in mice induces 
acute hyperthermia and pathologic changes, especially in the lung, 
probably caused by macrophage activation leading to PAF produc- 
tion. ^^'^'^ However, a recent study shows that lower doses of 
MWRegSO (less than 7.5 juig) do not induce pathologic changes in 
mice.^^ In accordance with the latter findings, we did not find any 
macroscopic pathologic changes in limgs at the low dose (5 |ULg 
intraperitoneally) we used to induce thrombocytopenia. Further- 



Table 1 . Percentages of monomeric, dimeric, and polymeric Immunoglobulin 
G In Intravenous Immunoglobulln preparations 





Monomeric IgG 


Dimeric IgG 


Polymeric IgG 




(%) 


(%) 


(%) 


Fresh IVIG 


97.6 


2.7 


0.5 


Aged IVIG 


87.2 


12.0 


0.8 


Monomeric IgG 


99.5 


0.4 


<0.1 



Analysis was performed by size exclusion chromatography using a calibrated 
Superose 12 gel filtration column connected to an FPLC system, as described in 
"Material and methods." 

IgG indicates immunoglobulin G; IVIG, intravenous immunoglobulin. 
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Figure 2. Effect of IVIG In antibody-mediated thrombocytopenia after intraperi- 
toneal Injection. Immune thrombocytopenia after intraperitoneal injection of antiplate- 
let mAb MWRegSO. Time-course of mean platelet counts (± SEM) is shown after 
injection of MWRegSO att = 0 minute. Mice were pretreated with aged IVIG (■), fresh 
IVIG (▼), or saline (□) 1 hour before MWRegSO at a dose of 1 g/i<g. Injection of aged 
IVIG alone, without subsequent injection of the antiplatelet mAb (O), was used as a 
control. Results are expressed as mean of 6 experiments ± SEM on different 
occasions. The aged IVIG preparation used In the experiment was stored at 4°Cfor 1 
year. Asterisks Indicate statistically significant differences compared to saline control 
(*P<.05; **P<.01). 



more, microscopic examination of the lungs did not show signs of 
lung damage, such as enhanced thickness of alveolar septa, because 
of edema and increased cellularity (data not shown). 

Continuous MWRegSO infusion model 

To determine the effect of IVIG in a setting better paralleling the 

clinical situation, MWRegSO was continuously infused using an 
implanted osmotic pump. After 4 days, platelet numbers reached a 
steady state of approximately 25% of control (Figure 3). To check 
the ef&cacy of the osmotic pumps, an irrelevant mAb, directed 
against human CRP, was added to the mixture of MWReg30 and 
HSA. The amount of this antibody was determined using an 
enzyme-linked immunosorbent assay in plasma samples taken at 
different time points during the experiment (data not shown). All 
mice analyzed were found to have the same amount of circulating 
antibody until 6 days after implantation of the pumps, indicating 
pumps to be equally efficient in releasing antibodies. 

In the acute bolus model, we used 2.4G2 to block Fc receptors. It is 
known that infiision of this antibody efficiently blocks Fc receptor- 
mediated immune clearance; however, the maximal inhibition by this 
antibody only persists for 24 hours.^ The continuous infiision model 
takes much longer; therefore, we decided to use Fc receptor knockout 
mice to avoid repeated injection of 2.4G2 in these mice. Mice deficient 
in the common FCR7 chain (FcR7"^"), lacking FC7RI and FC7RIII, and 
mice deficient in the FC7RIII alone were used to determine the role of 
the different FC7 receptors in this model. No MWReg30-induced 
thrombocytopenia was observed in either FCR7 chain~^~ or Fc7RIII~^~ 
mice, suggesting an important role for Fc7Rin in the clearance of 
antibody-sensitized platelets (Figure 3A). 

Administration of IVIG in patients with ITP is often associated 
with a rapid increase in platelet counts. To determine whether 
administration of IVIG shows a similar effect on platelet counts in 
our model, mice were treated with aged IVIG or monomeric IgG 4 
days after implantation of the pumps. To better determine the role 
of IgG dimers, we used in this series a monomeric IgG fraction 
isolated fi^om IVIG instead of fi^esh IVIG because the latter still 
contains a significant amount of IgG dimers (Table 1). Infusion of a 
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Figure 3. Effect of IVIG In antibody-mediated thrombocytopenia after continu- 
ous Infusion of antiplatelet mAb. (A) Effect on platelet counts by continuous 
infusion of antiplatelet mAb MWRegSO by an Implanted osmotic pump In wild-type 
(□), Fc'yRIII"''" (■), and FcR -y-chaln-''- (A) mice. Time course of mean platelet 
counts of 3 experiments (± SEM) Is shown except for the wild-type mice (n = 2). 
Asterisks indicate statistically significant differences compared to saline control 
(*P < .05; **P < .01 ). B) Effect on platelet counts after intravenous Injection of aged 
IVIG (■) or monomeric IgG (A.) at t = 4 days. Aged IVIG preparations used in the 
experiment was stored at 4°C for 1 year. Results are expressed as mean of 5 
experiments ± SEM on different occasions. Asterisl^s indicate statistically significant 
differences between the 2 groups (**P < .01; ***P < .001). 

single dose of aged IVIG resulted in a transient increase in platelets 
for several days (Figure 3B), reaching platelet counts of approxi- 
mately 52% of baseline values. No increase in platelet counts was 
observed after infusion of monomeric IgG or saline. 

Table 2 shows the results of FACS analysis for detecting 
MWRegSO bound to platelets (membrane bound) and circulating 
amounts of MWRegSO in plasma expressed as mean fluorescence 
intensity. We tested whether circulating MWRegSO could be 
detected in plasma with continuous infusion and after bolus 
injection. Serial dilution of MWRegSO incubated with control 
platelets was used as a reference to estimate the amount of 
MWReg30 in plasma with continuous infusion. At day 4, 0.89 
|ULg/mL anti-CRP was present in the plasma, indicating a 125-fold 
dilution of the input (112 |jLg/mL). Based on the amount of 
anti-CRP mAb measured in the enzyme-linked immunosorbent 
assay, we also expected a 1 : 125 dilution of MWRegSO to be present 
in plasma at day 4 if no antibody bound to membrane surfaces. 
Table 2 shows that binding of antibody in plasma was similar to a 
1:2500 dilution of the infused MWReg30 solution, suggesting that 
approximately 5% of MWRegSO was not bound to platelets. 
Furthermore, membrane binding of MWRegSO in vivo was shown 
to be one third the maximal value for each type of administration. 

Anti-idiotypic antibodies against IMWRegSO in IVIG 

rVlG efficacy in ITP could also result fix)m the neutralization of platelet 
antibodies by anti-idiotypic antibodies in IVIG. Hence, aged IVIG and 
firesh IVIG were evaluated for the presence of anti-idiotypic antibodies 



with binding capacity to MWRegSO. As a control, we tested possible 
binding capacity of components present in the IVIG preparations to 
human serum albumin. Binding of IgG to different coatings was similar: 
no specific binding to MWRegSO was obsei-ved when testing the various 
preparations (data not shown). We also evaluated whether IVIG could 
interfere with the binding of MWRegSO to platelets. Aged IVIG, at a 
concentration of 5 mg/mL, did not reduce MWRegSO binding of murine 
platelets in vitro. 



Discussion 

In the present study, we used 2 murine models for ITP to evaluate the 
effect of rVIG preparations that differed in the content of IgG dimers. 
We demonstrated that clearance of platelets sensitized with an anti- 
platelet mAb could only be reduced by administration of an IVIG 
preparation containing significant amounts of IgG dimers. An IVIG 
preparation without IgG dimers hardly showed an effect. The effect of 
IgG dimers was observed in both mmine models for ITP, that is, a single 
intraperitoneal injection or continuous infiision of antiplatelet antibody. 
We recently described the hypotensive effects of IgG dimers in IVIG 
preparations, in which we compared 16 different IVIG preparations of 
11 different manufacturers. This study revealed that commercially 
available IVIG preparations contain variable amounts of IgG dimers 
(range, 5%-15%). This is consistent with the observations of Tankersley 
et al^^ that IgG dimers are a normal constituent of IVIG prepared fiom a 
large donor pool. The amount of dimers in the preparations mainly 
depends on the pool size and the storage conditions. Our present 
findings strongly suggest that because of differences in dimer content, 
preparations also will differ in therapeutic efficacy in the treatment of 
patients with ITP. They also suggest that therapeutic efficacy in ITP 
entails the risk for side effects, probably also related to the presence of 
IgG dimers through the activation of macrophages and neutrophils, ^^'^o 
Low-affinity Fc7 receptors apparently were involved in the antibody- 
dependent clearance of platelets in our model because in vivo blocking 
of FC7RII/III or the absence of these receptors in knock-out mice 
completely prevented the effect of antiplatelet mAb. The importance of 
low-afBnity FC7 receptors in the clearance of immune complexes has 
been shown in several human and animal studies.^ Furthermore, 
infiision of mAbs against Fc7Rin caused a significant, transient increase 
in platelet counts in a patient with ITP.^*^ hiflision of an mAb directed 
against FC7RI did not change the platelet count over a 5-day course of 
treatment, whereas the administration of IVIG in this patient improved 
platelet count.^^ Our experiments with blocking mAb (2.4G2) or in mice 
deficient for FC7 receptors were compatible herewith and in particular 
pointed to a role for Fc7Rin in the clearance of antibody-sensitized 



Table 2. Platelet-bound and free circulating MWReg30 In the 
thrombocytopenic mice 

Platelet-bound MWRegSO (MFI) 

Circulating platelets 

Osmotic pump (n = 3) 700 ± 150 

Bolus (n = 3) 683 ±111 

Normal platelets incubated with plasma 
Osmotic pump (n = 3) 51 ± 13 

Bolus (n = 3) 27 ± 1 

Normal platelets incubated with MWReg30 
1:100 2266 ±634 

1:500 501 ±299 

1:2500 58 ±10 

control 18 ± 9 

MFI indicates mean fluorescence intensity. 
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platelets, emphasizing the relevance of these models for human ITP. 
However, others have demonsti"ated involvement of the platelet Fc7 
receptor in human iminime tlii"ombocytopemas accompanied by tln^om- 
bosis, such as hepaiin-uiduced tlirombocytopenia,^ and it cannot be 
precluded that this receptor also plays a pathophysiologic role in other 
forms of ITP. Because nMce do not express this Fc7 receptor on platelets, 
our model is unable to address beneficial or detrimental effects of IVIG 
on platelet Fc7 receptors. Hence, one should be carefiil to extrapolate the 
results obtained in this model to human ITP. Interference with FC7R 
expression level and Fc7R-mediated functions (such as phagocytosis) 
are well-established characteristics of polymeric IgG and immune 
complexes.^^'^^ Furthermore, human IgG aggregates and IgG dimers 
bind more efficiently to low-affinity FC7 receptors than do IgG 
monomers. Dimeric IgG may, therefore, have a stronger effect than 
monomeric IgG. It has been suggested that in IVIG, small amounts of 
aggregated IgG can form spontaneously and that these aggregates, 
rather than IgG monomer itself, constitute the active component of IVIG 
mediating Fc7-receptor blockade in ITP^'^^ Augener^^ reported that the 
efficacy of IVIG treatment of a patient with ITP was not associated with 
monomeric IgG levels but with the presence of IgG aggregates in the 
preparation. This patient showed normal levels of IgG complexes before 
treatment with IVIG and showed stepwise increases in total IgG levels, 
including aggregates, during therapy. When IVIG administration was 
terminated, the concentration of complexed IgG rapidly dropped to a 
normal level, and this was paralleled by a drastic decrease of platelet 
numbers even though IgG plasma levels were still high.^"^ In another 
study it was shown that the use of intramuscular preparations of anti-D 
that contained aggregated IgG resulted in small platelet increases in 
several Rh-negative recipients.^ These observations agree well with the 
results of our study. 

Acute systemic response seen on a bolus injection of a relatively 
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